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The work described in this report was performed by the Mariner Venus 67 
project of the Jet Propulsion Laboratory. 

Mariner V was successfully launched from the Air Force Eastern Test Range 
at 02:Ol EDT on June 14, 1967. On October 19, the spacecraft encountered the 
planet Venus; the closest approach distance during the encounter phase was 
2543 miles. All systems functioned as planned. 

The primary objective of the Mariner Venus 67 project was to conduct a flyby 
mission to Venus to obtain scientific information that would complement and 
extend the results obtained by Mariner I1 relevant to determining the origin and 
nature of Venus and its environment. Secondary objectives were to acquire 
engineering experience in converting (and operating) a spacecraft designed for 
a flight to Mars into one flown to Venus, and to obtain information on the inter- 
planetary environment during a period of increasing solar activity. 

The single spacecraft, prepared by converting the Mariner IV spacecraft, 
carried seven scientific experiments. Of these, two experiments (S-band radio 
occultation and celestial mechanics) used tracking and telecommunications facili- 
ties, but no special flight instruments; the dual-frequency radio propagation ex- 
periment required a new instrument package; the remaining instruments were 
essentially as developed for the Mariner Mars 1964 mission. 

All Mariner Venus 67 project objectives were fully achieved, attesting to the 
high degree of technical skill exercised on the part of the participating project 
personnel. 

This volume (Vol. 11) and its companion (Vol. I) comprise the Mariner Venus 67 
Final Project Report describing the formation and organization of the project, 
mission planning, spacecraft design and development, mission operations, and 
tracking and data acquisition from project inception until termination of tracking 
activities after encounter and data playback. 

The data returned by Mariner V have greatly expanded the store of information 
about the veiled planet, and will significantly deepen our insight into the history 
of its evolution, It is also hoped that the operations and results documented in 
this report will be a useful reference to those planning future space missions. 
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Abstract 

Volume I of this Report described the Mariner Venus 67 mission from launch 
to the midcourse maneuver; in this Volume 11, mission planning, operations, and 
performance are discussed from the midcourse maneuver, which was commanded 
at 03:OO GMT on June 19, 1967, to the project-defined end of mission (Phase I) 
on December 1, 1967. The Mariner V spacecraft performed as planned, and data 
were telemetered to earth from all seven scientific experiments carried aboard the 
spacecraft. The telemetry system functioned in accordance with expectations, and 
coverage exceeded requirements. Spacecraft performance was excellent, with very 
few anomalies, and those of a minor nature. Recommendations for modifications 
affecting organization, software, etc., are included for possible use on future space 
missions of a similar type. 
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I. Introduction 

The flight of the Mariner V spacecraft from the mid- 
course maneuver through the end of the mission is de- 
scribed in this Volume I1 of the Mariner Venus 67 Final 
Project Report. The formation of the project, mission 
planning, and the events from launch to the midcourse 
maneuver are described in Volume I. 

The Mariner Venus 67 mission was primarily of a 
scientific nature, its objective being the gathering of data 
regarding the planet Venus and the area of space cir- 
cumambient to that planet. The operation of the science 
instruments carried aboard the spacecraft, and the quan- 
tity and quality of the data telemetered from Mariner V 
to earth are, therefore, of paramount concern in the 
present volume. 

In addition to these science measurements and data, 
the present volume covers trajectory and orbit deter- 
mination, space flight operations, spacecraft performance 
analysis and command (SPAC) organization and func- 
tion, spacecraft performance, and flight support testing. 
Project organization and management, encounter 
sequence and command descriptions, and telemetry data 
curves are contained in appendixes. 

A. Mariner Venus 67 Mission Objectives 

The primary objective of the Mariner Venus 67 mission 
was to conduct a flyby mission to Venus in 1967 to 
obtain scientific information that would complement 
and extend the results obtained by Mariner I 1  relative 
to determining the origin and nature of Venus and its 
environment. 

The secondary objectives of this mission were two- 
fold: (1) to acquire engineering experience in the con- 
version of a spacecraft designed for a mission to Mars 
(the spare flight spacecraft from the Mariner Mars 1964 
project) into one designed for a mission to Venus, and 
in the operation of this spacecraft (Fig. 1-1); and (2) to 
obtain information on the interplanetary environment 
during a period of increasing solar activity. 

All of the Mariner Venus 67 mission objectives were 
fully achieved. 

B. Acquisition of Science Data 

The primary scientific objective of the Mariner Venus 
67 mission was to obtain information about the atnios- 
phere, ionosphere, and plasma environment of Venus. 
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Table 1-1. Mariner Venus 67 mission 
scientific experiments 

(3)  S-band radio occultation and dual-frequency radio 
propagation. 

Experiment 

5-band radio occultatioi 

Ultraviolet photometer 

Dual-frequency radio 
propagation 

Helium magnetometer 

Solar plasma probe 

Trapped radiation 
detector 

Celestial mechanics 

rincipal scientifii 
investigator 

A. J. Kliore 

C. A. Earth 

V. R. Eshleman 

E. J. Smith 

H. S. Bridge 

J. A. Van Aller 

J. D. Anderson 

Affiliation 

J P L  

University of Colorado 

Stanford University 

J P L  

Massachusetts Institute 
of Technology 

University of Iowa 

J P L  

Table 1-1 lists the seven science experiments carried 
aboard Mariner V, along with the names and affiliations 
of the principal scientific investigators. Most of these 
experiments evolved from previous projects. The S-band 
radio occultation experiment required the use of only 
the RF transmission subsystem on the spacecraft. The 
celestiaI mechanics experiment used only the tracking 
doppler data derived from the RF carrier. The UV 
photometer, helium magnetometer, solar plasma probe, 
and trapped radiation detector (TRD) were slightly 
modified to make them more suitable for a mission to 
Venus. Only the dual-frequency radio propagation 
experiment required the incorporation of a new science 
instrument, the dual-frequency receiver (DFR), into the 
payload. 

Data were received from all seven instruments, which 
operated as planned. The experiments can be conve- 
niently divided into the following four groups: 

(1) Solar plasma probe, helium magnetometer, and 

(2) UV photometer. 

TRD. 

(4) Celestial mechanics. 

The solar plasma probe, helium magnetometer, and 
TRD experiments were designed to measure the inter- 
related phenomena concerned with the interaction be- 
tween the planet and the interplanetary medium (the 
environment of Venus). 

The objective of the UV-photometer experiment was 
to measure the properties of the topmost layers of the 
Venusian atmosphere. 

In the S-band radio occultation and dual-frequency 
radio propagation experiments, radio waves were sent 
through the atmosphere of the planet to probe its prop- 
erties. 

The planet-related objectives of the celestial me- 
chanics experiment were the very precise measurements 
of the mass of Venus and the shape of its gravitational 
field. 

C. Mission Operations 

In addition to the acquisition and telemetering of 
science measurements and data, operations for the 
Mariner Venus 67 mission from the midcourse maneuver 
through the end of the mission include the various 
phases of the Mariner V trajectory and information on 
orbit determination. Space flight operations cover sup- 
port, organization and functions of the flight-path and 
space science analysis and command groups (FPAC and 
SSAC), as well as SPAC; data recovery and processing; 
and mission operations. A general description of the 
Mariner V spacecraft is included, along with the per- 
formance of onboard subsystems and instrumentation, 
and flight-support testing. 
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II. Science Measurements and Data 

A. Science Experiments and Overall Results 

The primary scientific objective of the Mariner 
Venus 67 mission was to obtain information about the 
atmosphere, the ionosphere, and the plasma environ- 
ment of the planet. The following discussions present 
detailed and technical (although in all cases preliminary) 
accounts of the results. 

Seven scientific experiments were planned, and all 
were conducted successfully. The seven experiments can 
be classified into four groups: 

The plasma probe, the magnetometer, and the en- 
ergetic particle detectors were designed to measure 
the interrelated phenomena concerned with the 
interaction between the planet and the interplan- 
etary medium -the environment of Venus. 

The UV photometer was designed to measure the 
properties of the topmost layers of the atmosphere. 

In the two occultation experiments, radio waves 
were sent through the atmosphere to probe its 
properties, from the highest level at which there 
was any perceptible effect on the propagation of a 
radio wave to the surface (if possible). 

(4) The very precise measurement of the mass of Venus 
and the shape of its gravitational field was the 
planet-related objective of the celestial mechanics 
experiment. 

An abbreviated chronology of significant events during 
the Venus encounter is shown in Table 11-1, which also 
lists the codes used to represent the events on the orbit 
plots. 

Of the specifically scientific instruments aboard, four 
were slightly modified versions of instruments originally 
built for the Mariner Mars 1964 mission: the magnetom- 
eter, the plasma probe, the charged-particle detectors, 
and the UV photometers. The fifth scientific instrument 
was the radio dual-frequency receiver (DFR). 

The spacecraft science-data subsystem provided the 
sequencing command pulses to operate all of these in- 
struments, and transferred their data outputs to the 
telemetry subsystem. The DFR provided scientific data 
whenever it was receiving signals from the Stanford 
University transmitter. The other instruments produced 
data continuously throughout the flight. The spacecraft 
transponder received commands from the earth and 
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Table 11-1. Chronology of significant events during 
Venus encounter 

Code 

P1 

SHA 

ION1 

DL 

ATMl 

GO 

LOS 

E 

TER 

QUAD 

co 
BL 

P5 

ROS 

XGO 

ATMF 

IONF 

Time from 
encounter 
E, min 

-156 

-22 

- 13.1 

-7.9 

-3 .18  

-2.0 

-0.23 

0 

+3.4 

+3.55 

SlO.0 

+ 16.7 
+ l e  

f 20.6 

+22.8 

-k 23.0 

+ 24.0 

Event 

Initial passage through a boundary in solar 
plasma 

Closest approach to shadow of Venus 

Initial detection of ionosphere by DFR 

Dark limb of planet observed by UV 
photometer 

Initial detection of atmosphere by S-bnnd 
occultation experiment 

"Geometrical occultation" - earth-space- 
croft line of sight intersects dark limb of 
planet 

Loss of spacecraft rodio signal resulting from 
occultotion 

Periapsis (encounter) 

Terminator crossing observed by UV 
photometer 

Quadrature; sun-Venus-Mariner V angle 90 
deg 

Center of geometrical occultation 

Bright-limb crossing observed by UV 
photometer 

Final passage through a boundary in the 
solar plasma 

Reacquisition of signal by Goldstone track- 
ing station 

Exit from geometrical occultation at bright 
limb 

Final observation of atmospheric effect on 
S-band signal 

Final detection of ionosphere by DFR 

transmitted data to the earth. In addition, it provided 
the capability for the range data and the doppler range- 
rate data required for the celestial mechanics experiment 
and the radio signal required for the S-band occultation 
experiment. 

The output of the science-data subsystem was in binary 
digital form, arranged into a frame 420 bits in length, 
repeated every 50.4 s during the latter portion of the 
flight. During the Venus encounter, this "real-time data 
format" was recorded on the magnetic tape and simul- 
taneously sent to the telemetry transmitter. In addition, 

6 

the data from certain instruments (DFR, UV photom- 
eters, and one of the charged-particle detectors) were 
sampled more frequently and recorded on the tape; the 
data storage rate was 133.33 bits/s. 

At the time that Mariner V flew by Venus, it was 
79,764,370 km from the earth, so that the transit time for 
radio signals was 266 s. Shown in Fig. 11-1 is an isometric 
view of the orbit from E-210 to E f 3 0  min, a period 
that includes all planet-related observations except that 
of the outermost edges of the hydrogen corona. The 
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Fig. 11-1. Isometric projection of Venus encounter orbit 
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Fig. 11-2. Venus encounter orbit shown in the orbit plane 

spacecraft approached the dark side of Venus from north 
of the planetary orbit, crossed the plane of the terminator 
shortly after passing periapsis, and was deflected sharply 
(101.5 deg) toward the sun by the gravitational field. 

The motion of the spacecraft in its actual orbital plane 
is shown in Fig. 11-2. This view is the appropriate one 
for most purposes, as the center of the earth lies only 
1.5 deg off this plane, and the line of sight for the UV 
photometers makes an angle of only 3.2 deg with the 
plane. Events pertinent to the ultraviolet experiment 
and the two occultation experiments are also shown in 
Fig. 11-2. 

A projection onto the plane of the terminator (Fig. 11-3) 
depicts the orbit as seen from the sun. This view dem- 
onstrates that the spacecraft did not pass into the optical 
shadow of the planet; if this had occurred, orientation 
control would have been lost. The minimum distance to 
the shadow was more than 2400 km (at E-22 min). 

The neutral atmosphere first became observable in the 
S-band signal by a change in frequency at 6140-km range 

TIME FROM PERIAPSIS, rnin 

QUAD 

co 

EARTH - 
EVENTS LISTED IN CODE 

ARE IDENTIFIED IN 
TABLE I I  - I  

Fig. 11-3. Venus encounter orbit projected on 
the terminator plane 

(or 85-km altitude),l where the pressure is about 1 mbar 
(0.001 a h ) .  As the spacecraft moved behind Venus, the 
shift in the signal frequency increased steadily to a max- 
imum value of 16,000 Hz at the moment of occultation. 
In the Mariner IV occultation of Mars, the total shift had 
been only 5 Hz. Thus, the very great density of the 
Venus atmosphere is immediately apparent. 

The signal frequency shift is related directly to the 
refractivity of the atmosphere. The derivation of more 
interesting atmospheric properties (composition, temper- 
ature, density, and pressure) requires the comparison of 
the refractivity data with other information; from these, 
a consistent model of the atmosphere can eventually be 
derived. Details of the preliminary model generated from 
the Mariner V data and the assumptions involved in the 
model are contained in the S-band discussion (Subsec- 
tion E). 

The results of the four groups of scientific requirements 
are summarized in the following paragraphs. 

1. Znteraction of interplanetary medium with Venus. 
The interplanetary medium is a very hot, tenuous, ionized 

'For convenience, altitudes relative to the assumed 6056-km radius 
are quoted, although their validity is questionable. 
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gas ( a  plasma) that is an extension of the atmosphere of 
the sun. It is called the “solar wind.” It flows outward 
from the sun at a velocity averaging about 400 km/s 
essentially because one layer in the atmosphere of the 
sun (the corona) is so hot and energetic that the gravita- 
tional field cannot confine it. This plasma carries with it 
a magnetic field that originates in the sun. 

The Mariner Venus 1962 mission, which first estab- 
lished the presence and the properties of the solar wind, 
included a study of its interaction with Venus; but the 
encounter orbit, which was chosen to optimize the overall 
scientific mission, did not pass through the region where 
this interaction occurs. Consequently, the plasma environ- 
ment of Venus has been completely unknown until now. 

The interaction of the solar wind with the earth has 
been studied extensively by satellites for almost a decade. 
The plasma is deflected by the geomagnetic field and 
flows around the earth, approaching no closer than about 
50,000 km. Upstream from the cavity (the magnetosphere) 
that the solar wind does not penetrate, there is a de- 
tached bow shock in the plasma because the solar wind 
is, in a sense, “supersonic.” 

The lunar satellite Explorer X X X V  has explored the 
environment of the moon, and found a completely dif- 
ferent kind of interaction. The plasma appears to strike 
the surface of the moon (and be absorbed), and the mag- 
netic field passes through the moon with little, if any, 
interference. 

Mariner V spent 2 h within the interaction region 
around Venus, observing an interface that is similar to 
the bow shock near earth and some additional structure 
inside of the interface. Two very significant inferences 
can be made from the mission data: 

(1) The magnetic dipole moment of Venus is much 
smaller than that of earth (roughly at least a thou- 
sand times smaller), as proved by the small extent 
of the interaction region. 

(2) The solar wind flows around the planet without 
striking it, in contrast to the case of the moon. 

The obstacle that deflects the plasma appears to be 
the dense ionosphere on the sunlit side of Venus. Its high 
electrical conductivity prevents the passage of the incom- 
ing magnetic field (essentially an eddy-current effect), 
and the pile-up of the field alters the flow of the plasma. 
The most persuasive evidence supporting this conclusion 

is the observation by the Stanford occultation experiment 
that the upper boundary of the daylight ionosphere is 
exceedingly sharp and is pushed down very close to the 
planet (about 500-km altitude) by the momentum of 
the solar wind. No such phenomenon has previously 
been observed in space. 

At the shock, and elsewhere in the interaction region 
near the earth, energetic particles accelerated by electric 
fields are observed. None was observed near Venus, 
probably because the region is too small. 

2. Ultraviolet photometer experiment. The UV pho- 
tometer aboard Mariner V sought to detect atomic hydro- 
gen and atomic oxygen, which have strong lines in the 
far-ultraviolet region of the spectrum, at 1216 and 
1304 A, respectively. In the upper atmosphere of a 
planet, a gravitational fractionation process separates the 
constituents according to molecular weight (hydrogen on 
top, helium below it, and atomic oxygen next). By de- 
signing the UV photometer so that the scattered light 
was observed only in a very narrow cone, and by causing 
the spacecraft motion to sweep the cone across the planet, 
a record of light intensity as a function of altitude was 
obtained; this record can be interpreted as a density-vs- 
altitude profile for each species. The spatial rate of change 
of density is a measure of temperature. 

Precise quantitative results are not yet available be- 
cause the analysis of the ultraviolet data is a very com- 
plex problem in radiative transfer. However, three very 
significant and mutually consistent observations were 
made : 

The light scattered from hydrogen on the sunlit 
side was intense, indicating a total quantity of 
hydrogen comparable to or greater than that in 
upper atmosphere o f  the earth. 

The scale height, and hence the temperature of 
the hydrogen, is much lower than terrestrial exo- 
sphere; therefore, the escape rate of neutral hydro- 
gen, which is determined by this temperature, is 
very much slower. 

The quantity of oxygen in the upper atmosphere 
of Venus is so small that it was not detected. 

3. Occultation experiments. To probe the atmosphere, 
radio signals of three frequencies were sent through the 
atmosphere as the spacecraft passed behind Venus. The 
Stanford University transmitter sent two signals, at 49.8 
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and 423.3 MHz, which were received and analyzed 
aboard the spacecraft. Slightly more than half of the 
data storage was allotted to these data. The spacecraft 
telemetry signal at S-band (near 2298 MHz), traveling in 
the opposite direction, was received on earth, where 
vastly more data could be recorded. In both cases, the 
measured effects on the radio waves consisted of reduc- 
tion of signal strength (because of absorption and de- 
focusing) and shift in frequency (because of the refraction 
effect). In both experiments, data were obtained on the 
neutral atmosphere and on the ionized atmosphere. The 
use of two harmonically related frequencies in the Stan- 
ford experiment provided extremely high sensitivity for 
the ionized component. Consequently, the weak night- 
time ionosphere was clearly observed in this experiment; 
whereas, in both experiments, altitude profiles of the 
strong daytime ionosphere were obtained. The S-band ex- 
periment, because of its enormous quantity of data, pro- 
vided more precise information on the neutral atmosphere. 

The altitude in the atmosphere at which data were 
obtained at any given time was calculated from the 
spacecraft orbit, which was very precisely known (to 
within less than 1 km relative to Venus) from the mea- 
surements of range and range rate relative to the earth. 
Accordingly, spacecraft position was determined relative 
to the gravitational center of Venus. To convert this dis- 
tance to altitude required a knowledge of the local Venus 
radius. The then currently accepted value of the mean 
radius near the equator was 6056 km, but it was not known 
how accurately this represented the radius at the point of 
interest. This uncertainty became troublesome when 
attempting to relate the Mariner V measurements to those 
of the Venera-4 spacecraft where the data were related 
to the local planet surface by means of a radio-altimeter. 

The nighttime ionosphere was first observable several 
thousand kilometers from the surface of Venus. A fairly 
complex layered structure was observed, with a peak in 
density near 200-km altitude. On the daylight side, a 
peak density about 50 times greater was observed near 
an altitude of 130 km, and the density declined with 
altitude, terminating abruptly near 500 km, as previously 
discussed. 

4. Celestial mechanics experiment. Mariner V ranging 
and doppler radio tracking data were fit to obtain, along 
with other measurements, the mass of Venus. In terms of 
the universal gravitational constant, this value is 324,859.61 
k0.49 km3/s2. 

B. Solar Plasma Probe Experiment 

The first attempt to observe a disturbance in the inter- 
planetary medium caused by the planet Venus was made 
with Mariner ZZ on December 14, 1962. No effect was 
observed (Ref. 1) partly because the spacecraft passed 
on the sunward side of the planet and approached no 
closer than 40,000 km or 6.6 Venus radii (rv). Thus, it 
was shown that an upper limit to the magnetic dipole 
moment of Venus is approximately 20 times less than 
that of the earth. 

The trajectory of Mariner V was more favorable for 
this type of observation because the spacecraft ap- 
proached to within 0.4 rv of the optical shadow of the 
planet and to within 0.7 r, of the surface. The data from 
the magnetometer and plasma probe show unmistakable 
evidence of the existence of a bow shock around Venus 
similar to (but much smaller than) that near the earth, as 
well as additional structure inside the shock. 

I .  Description of instrumentation. The low-field-vector 
helium magnetometer was first flown on Mariner ZV 
(Ref. 2). This instrument has an intrinsic noise level of 0.1 y 
(rms) and a digitization uncertainty of 0.2 y. (1 Y = 10-5 G). 
Five triaxial field samples were obtained each 50.4 s. 

The magnetometer sensor was located about 2 m from 
the main body of the spacecraft. To minimize the space- 
craft field, magnetic constraints were imposed on the 
spacecraft, which was also demagnetized before launch. 
The magnitude of the spacecraft field at the sensor was 
determined in flight to be 10 y. First, the rolling of the 
spacecraft about the sun direction for 17 h immediately 
after launch and for several hours after the midcourse 
orbit correction established the values of the two com- 
ponents perpendicular to the axis of rotation. Second, all 
three components were computed using a new technique 
(Ref. 3) based upon the frequently occurring changes in 
the interplanetary field that conserve the field magni- 
tude. Such changes are associated with contact surfaces 
traveling outward in the solar wind (Ref. 4). This pro- 
cedure allows continual checking of the spacecraft fields 
in flight, which is an important consideration because 
Mariner V was attitude-stabilized. It was estimated that 
the components of the spacecraft field were determined 
to within 0.5 y. 

The plasma detector, a modulated-grid Faraday cup 
(Ref. 5 )  was essentially identical to that flown aboard 
Mariner ZV. Positive ion currents were measured in 32 
energy intervals covering the range 40-9400 eV. The 
detector, which points at the sun, had a sensitivity that 

J P L  TECHNICAL REPORT 32-7203 9 



GEOCENTRIC DISTANCE, r E  

6 e IO 12 14 16 
IS0 

MAGNETOPAUSE SHOCK FRONT x 
Q 
- 
- 
g loo 

2 

3 

z 

5 
n 
1 
L+' 
LL so 
-1 

Ir 

2 e 

0 
8 9 IO II 12 13 

TIME, h 

Fig. 11-4. Mariner V magnetic field data near earth 

was fairly constant up to 30 deg off the sun-spacecraft 
line, and then decreased rapidly to zero at 65 deg. A 
current measurement at one energy level had an integra- 
tion time of ~5 ms, and the sampling rate was such that 
a plasma energy spectrum was determined every 5 min. 
However, all the significant measurements in a spectrum 
required less time, and were completed in 3.8 min or less. 

2. Plasma and magnetic field data. For comparison 
with the near-Venus data, Fig. 11-4 shows the total field 
magnitude I B I as observed by Mariner V in the vi- 
cinity of the earth. These data clearly show the char- 
acteristic field changes at the magnetopause (the surface 
separating magnetic lines of force connected to the earth 
from the heated, compressed, and semi-turbulent region 
called the magnetosheath) and the bow shock (the usu- 
ally sharp boundary outside of which lies the free- 
streaming interplanetary medium). The presence of two 
or more regimes in the magnetosheath, characterized by 
different amplitudes of fluctuation and different values of 
average field strength, is a common occurrence. It is 
probably the effect of the convection into the magneto- 
sheath of filamentary structures in the solar wind, which 
often shows abrupt changes in properties. 

The plasma and magnetic field data near Venus are 
shown in Fig. 11-5. The two uppermost curves, the posi- 
tive ion number density n and the bulk velocity V, are 

plasma parameters computed from the observed energy 
spectra. The middle trace is the ambient field magnitude 
I BI computed from the three measured components 
after subtracting the spacecraft field, The two bottom 
curves give the field direction in spherical coordinates. 
The angle a is the rongitude or azimuth measured in the 
R O T  plane, where R is a unit vector in the anti-solar 
direction and T is an orthogonal vector that is parallel 
to the equatorial plane of the sun, and points in the 
direction of the orbital motion of the planet. For most 
purposes, the R T plane may be regarded as parallel to 
the ecliptic plane with which it makes an angle of only 
7 deg. The angle f l  is the latitude measured from the 
R T plane; positive values indicate that the field has a 
northward component. The direction toward the sun 
corresponds to a = +180 deg, and the ideal spiral field 
direction near the orbit of Venus to a = 145 deg when 
the sense of p is toward the sun. 

The data are plotted as a function of time (in minutes), 
zero being taken at the instant of periapsis. Five features 
(events) in the plasma and field data are identified by 
circled numbers2 The positions of these events on the 
Mariner V orbit are indicated in Figs. 11-6 and 11-7. 

*To avoid possibIe confusion, the symbols 0 through 0 in Figs. 
11-6 through 11-8 are referred to as events whether they are 
descriptive of time of location; the symbols 0 through 0 in Fig. 
11-26 (Subsection G) relate to other parameters for purposes of 
the Subsection G discussion only. 
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Fig. 11-6. Mariner V orbit relative to sun-Venus axis 

Figure 11-6 shows a polar plot using the planet- 
spacecraft separation and the sun-planet-spacecraft angle 
as coordinates. It is equivalent to tracing the path of the 
spacecraft in a plane that rotates about the Venus-sun 
line with the spacecraft. To the extent that the phe- 
nomena have cylindrical symmetry about this line, these 
are the pertinent parameters. 

The three parts of Fig. 11-7 show the usual ortho- 
graphic projections of both the Mariner V trajectory and 
the measured fields. The aphrodiocentric-solar-ecliptic 
(ASE) coordinates are defined by a plane parallel to the 
ecliptic passing through the center of Venus and by 
XAsE (the projection in this plane of the direction to the 
sun). The axis Z,,, points toward the north ecliptic 
pole, and Y,,, completes the orthogonal, right-handed 
set. The field vectors are not shown at equally spaced 
intervals, but at times that best illustrate the character 
of the average magnetic field within the various regions. 

The observations are most easily described in terms 
of a specific model, which, will be developed in the course 
of the discussion. This model should be regarded only 
as a phenomenological description; its dynamical validity 
has not been substantiated. 

The interplanetary conditions prior to and after en- 
counter were only moderately disturbed. The plasma 
properties were quite steady, but the velocity (-590 
km/s) and temperature [-3 X lo5 (OK)] were unusually 
high. The direction of the magnetic field showed sub- 
stantial fluctuations, but its magnitude was nearly constant 
at -8 y ,  a value close to that expected at the orbit of 
Venus. Apparently, a series of solar-wind structures 
(perhaps filaments) were convected past the spacecraft 
at intervals of a few minutes to 30 min. The solar-wind 
structures would require 1.3 min to sweep over the region 
between events 1 and 5 (Fig. 11-7). 
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Fig. 11-7. Mariner V trajectory and magnetic field vectors 

The influence of Venus on the solar-wind flow first 
became apparent at event 1. The magnetic field strength 
increased abruptly from 8 to 15 y and the fluctuations 
increased markedly, although the average direction re- 
mained nearly along the line from the sun. The plasma 
velocity dropped slightly (-lo%), and the density de- 
creased markedly (-40%). Such changes are commonly 
seen across a shock; the identification of event 1 as a bow 
shock is almost inescapable in view of this and later 
observations. 

For a few minutes just before event 1 and again just 
after event 5 (identified below as a shock crossing), the 
field had a characteristic direction and strength. It would 
be possible to identify these regions as part of the shock 
structure and to ascribe a previous occurrence at -180 
min to a motion of the shock front of the kind often seen 
near earth. However, in the absence of a corresponding 
magnitude change, this identification is rejected and the 
field at these times is considered interplanetary in origin. 

During the hour after event 1, the plasma velocity and 
density dropped slightly, and there was a marked broad- 
ening of the velocity distribution. The field character- 
istics were unchanged except for one abrupt decrease in 
magnitude and in the amplitude of the fluctuations. Be- 
cause similar changes are often observed in the mag- 
netosheath of the earth (see Fig. 11-4), this decrease is 
interpreted as a response to changes in the interplanetary 
medium. 

At event 2, there was a second abrupt change: the 
field strength dropped from 9 to 6 y (less than the average 
magnitude in interplanetary space), with little change in 
average direction, and the fluctuations increased sub- 
stantially. The plasma density and velocity began to 
decrease steadily, reached their minimum values near 
event 3, and returned to high values by event 4. Fifteen 
minutes after event 2, the direction of the field made the 
first of three reversals that are not associated with other 
significant changes; presumably, the field direction in the 
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undisturbed solar wind was reversing (much as it did 
during the 2 h before event 1). The change at event 2 
does not appear to be a magnetopause crossing, both 
because of these reversals, and because the plasma char- 
acteristics resemble those of a magnetosheath, not a 
magnetosphere or magnetospheric tail. 

The most natural interpretation of these results is that 
the electrically conducting ionosphere of Venus cannot 
be penetrated quickly by the solar-wind field; therefore, 
most of the plasma is prevented from reaching the at- 
mosphere. As a result, a standing shock is formed ahead 
of the planet. The compressed solar plasma behind the 
shock flows around the sides of the planet, becomes 
supersonic, and tends to leave a cavity behind the planet. 
The magnetic and gas-kinetic pressures should produce 
an expansion into the partially empty cavity; the edge 
of the expansion wave may approximate a cone running 
through event 2, near event 4, and about 500 km above 
the surface of the planet. Within 45 deg of the subsolar 
point, the interface between the atmosphere and the solar 
wind, the anemopause (Ref. 6) ,  appears to be at about 
this level, where the Stanford group observed an abrupt 
decrease in the ion density from lo4 ~ m - ~  to an inter- 
planetary value.z This interpretation is compatible with 
the argument given below, which is based upon the con- 
servation of interplanetary magnetic flux. 

The total flux contributed by the weak field inside a 
cone through events 2 and 4, and the strong field cross- 
ing the cone connecting events 1 and 2, is roughly equal 
to the flux of undisturbed interplanetary field that would 
occupy this area if Venus were absent. If the edge of an 
expansion wave is typically much less sharp than event 2, 
a possible explanation is that, as occurs near the earth, 
all boundaries move rapidly from time to time, and that 
event 2 is a rapid shift of the expansion region across the 
position of the spacecraft. 

At event 3, the total plasma flux was reduced to -lo7 
(cm2 s)-l (about a factor of 20 below the interplanetary 
value) and, primarily because of the low density, the 
Alfvkn velocity rose to several hundred kilometers/ 
second. Thus, the plasma had little inertia, and the field 

T h e  differences that are apparent between the interactions of the 
solar wind with Venus and with the earth make the term “magneto- 
pause” inappropriate in the former case. It is convenient to have 
a more general name for the surface that separates the solar-wind 
plasma from the region occupied by a planetary atmosphere, mag- 
netic field, or wake. For this surface, where the “wind stops,” the 
name “anemopause” seems agreeably descriptive, euphonious, and 
proper Greek. 

should have adjusted rapidly to a vacuum configuration. 
The field direction, nearly radially outward from the sun, 
and the slight increase in magnitude near event 3, which 
could compensate for the decreased plasma pressure, are 
consistent with this model. However, the very low plasma 
density near event 3 and the accompanying increase in 
I B I cannot both be explained as caused by an expansion 
wave. Perhaps the plasma flow along these tubes of flux, 
which must pass very close to the planet, was partially 
obstructed by an interaction with the atmosphere. As to 
whether the unobserved region in the shadow of Venus 
was occupied by an interplanetary field that passed 
through the planet, by a magnetosheath field carried in 
by the expansion wave, or by an intrinsic planetary field, 
any comments would be pure speculation at this pre- 
liminary stage in the data analysis. 

Conditions in the region between events 4 and 5 were 
comparable to those observed in the magnetosheath of 
the earth at about the same local time. The high values 
of I B I may have been caused by the compression of the 
plasma as it passed through the shock or, in part, by 
the very irregular structure of the magnetic field gener- 
ated at the shock. No feature characteristic of a magneto- 
pause was present. On the basis of the abrupt decrease 
in the magnetic fluctuations and the return of the plasma 
velocity to its interplanetary value, event 5 is identified 
as the bow shock. The unaccountable absence of any 
sudden change in the average value of I B I or in the 
plasma density (as there was at event 1) illustrates 
the incompleteness of current experimental and theoreti- 
cal knowledge of the structure of collisionless hydro- 
magnetic shocks. 

3. Schematic model. Most of the features seen in the 
data appear to fit a schematic model (Fig. 11-8) in which 
the solar wind is deflected, but not absorbed, by the 
ionosphere and upper atmosphere of Venus. According 
to Lees (Ref. 7) the major deficiency of this model is that 
a laboratory gas-dynamic shock with appropriate scaling 
would be expected to pass more nearly through event 2 
than through event 1. Several factors, in combination, 
might explain this: 

The normal aberration caused by the motion of 
Venus and the observed average azimuthal velocity 
of the solar wind could rotate the axis through 
about 5 deg toward event 1. 

The solar-wind direction is known to fluctuate and, 
at times, to be as much as 5 deg from its average 
position (Ref. 8). 
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Fig. 11-8. Schematic representation of the solar wind 
interaction with Venus 

(3) The magneto-acoustic velocity deduced from the 
plasma and field observations in the undisturbed 
solar wind is -120 km/s, corresponding to a Mach 
number of -5, which is somewhat low for the 
hypersonic limit and may give a shock that is 
farther from the axis. 

(4) The highly irregular magnetic field in the magneto- 
sheath region contributes an additional pressure 
that is not included in the usual gas-dynamic 
analysis. 

Until further analyses (and perhaps further observa- 
tions) have been made, these suggestions must be re- 
garded as speculation, and the dynamic soundness of 
this model must be regarded as uncertain. 

Other models are possible, but are unattractive. Most 
of the features seen near Venus could be regarded indi- 
vidually as features of the interplanetary medium, 
although some of them are very unusual. However, it 
seems extremely unlikely that all of these features would 
have been observed during the short period in which 
Mariner V was near the planet, and that they would 
have been organized purely by coincidence into the 
observed pattern. 

The magnetopause and bow shock observed around 
the earth can be scaled so that the shock passes through 
event 1 and very near to event 5. The scaled magneto- 
pause is then in the upper atmosphere at the subsolar 
point, and the trajectory would be inside the magneto- 
sphere between events 2 and 4. The corresponding 
scaling of the dipole moment gives a value for Venus 
about 1/700 that of the earth. Although the presence and 

position of the shock is an attractive feature of this model, 
the presence of solar wind inside the scaled magneto- 
pause and the very low value of 1 B I near event 3 seem 
to rule out the model completely. 

An upper boundary can be placed on the magnetic 
moment of Venus, but it depends for its precise value 
upon the details of the model used. The unsuitability of 
the scaled geomagnetic analog summarized above re- 
quires that the actual ratio of dipole moments be signifi- 
cantly smaller than that derived from the model. A 
reasonable limit is estimated to be within a factor of two 
of times that of the earth. Obviously, there is no way 
to tell from such analyses whether Venus has an intrinsic 
field smaller than the upper boundary. Nothing reported 
here is inconsistent with the available information on the 
recent Russian observations, which appear to give an 
even lower limit. 

The interaction of the solar wind with Venus differs 
from its interaction with either the earth or the moon. 
In the case of the moon, the plasma ions are absorbed 
by the lunar surface, and no shock develops (Ref. 9). 
Moreover, the moon appears to provide sufficient insu- 
lation to enable the interplanetary field to be convected 
through it nearly unchanged (Ref. 10). Except for a 
region close to or inside the lunar shadow, the plasma 
flow near the moon is unaffected by its presence. In 
contrast, the plasma flow near Venus is bounded by an 
anemopause. The shock around Venus resembles that 
around earth except in scale, but conditions inside are 
quite different because the anemopause around Venus is 
probably supported by the ionosphere, whereas that 
around the earth is supported by the geomagnetic field. 
The plasma appears to expand into the cavity on the 
downwind side of Venus, whereas behind the earth, 
inward expansion is prevented by the magnetic field in 
the geomagnetic tail. 

C. Helium Magnetometer Experiment 

The helium magnetometer experiment is discussed in 
Subsection B, above, as part of the solar plasma probe 
experiment. 

D. Trapped Radiation Detector Experiment 

The University of Iowa apparatus aboard Mariner V 
comprises three Geiger tubes and a 32-pm-thick, totally 
depleted, silicon surface barrier detector, with four elec- 
tronic discrimination levels. The data obtained during the 
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Fig. 11-9. Counting rate of the electron detector Ec > 45 keV 

encounter with Venus on October 19, 1967, shows a 
complete (or nearly complete) absence of energetic 
electrons and protons associated with the planet in to the 
minimum radial distance of approach of 10,150 km. These 
results are consistent with results from the 41,000-km 
approach of Mariner I1 to Venus in 1962, but are much 
more definitive by virtue of the closer approach. 

Specific upper limits on the average unidirectional 
intensities of planet-associated particles during any 216-s 
interval of the encounter period are 3.0 (cm2 s sr)-l for 
electrons E ,  > 45 keV, and 1.0 (cm2 s sr)-l for protons 
0.32 < E, < 12 MeV. 

Figure 11-9 shows a plot of the 216-s averaged count- 
ing rate of the most sensitive of the eIectron detectors 
( E ,  > 45 keV) for a 16-h period centered on the time of 
closest approach. The counting rate at points remote from 
the planet was caused principally by galactic cosmic rays 
that penetrated the sidewalls of the detector. There was 
also a small contribution from solar particles. 

By contrast, the same apparatus observed maximum 
unidirectional intensities of 1 X loG (cm2 s sr)-l for elec- 
trons E ,  > 45 keV, and of 3.5 X loG (cm2 s sr)-* for 
protons E, > 320 keV during its outbound traversal of 
the magnetosphere of the earth on June 14, 1967. The 
spacecraft passed through the outer portion of the 
magnetosphere of the earth on its sunward side. A major, 
precipitous decline of the intensities of geomagnetically 
trapped particles occurred during the period 09: 35-09:43 
UT on June 14 at a geocentric radial distance of about 
10 rE and a sun-earth-spacecraft angle of 59 deg. 

However, rapid increases of electron and proton inten- 
sity were observed in the “transition region” for several 
hours thereafter. The last such sharp rise occurred at 
12:25-12:27 UT at a radial distance of 16.8 rE and a 
sun-earth-spacecraft angle of 62 deg, in almost exact 
coincidence with the last magnetometer indication of the 
presence of the earth-a discontinuous drop from 25 X lo5 
to 8 x 10-5 G. 

The flow of the solar wind is arrested on the sunward 
side of a planet at such a radial distance R that the 
dynamic pressure of the wind i s  equal to the opposing 
pressure of the (compressed) magnetic field B of the planet: 

B2 knmv2 = - 8~ 

Where n is the number density of protons each of 
mass m and directed velocity v in the solar wind, and k 
is a numerical factor between 1 and 2. 

A necessary condition for the existence of a radiation 
belt of trapped particles is that the “stagnation point” 
be far enough above the surface so that the atmospheric 
density is adequately small. For Venus, it appears safe 
to take an altitude of several thousand kilometers or a 
radial distance of -2 rv as a generous value. Assuming 
that n is inversely proportional to the square of the 
distance from the sun and v is independent of this dis- 
tance, and noting that B cc M / R 3 ,  physical similitude 
with the known properties of the magnetosphere of the 
earth yields a scaling law from Eq. (l), namely 

y3 9 = 0.9 (S) 
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Fig. 11-10. Polar plot of encounter trajectory 

where R, and R, are the radial distance from the centers 
of Venus and the earth to corresponding points on their 
respective magnetospheric boundaries, and M P  and M ,  
are their respective magnetic dipole moments. 

In Fig. 11-10 is shown a sketch of the magnetopause 
and shock front to be expected for MP/M, = 0.01, as 
scaled from the observed boundaries for the earth using 
Eq. (2). Also shown is a portion of the encounter tra- 
jectory of Mariner V plotted in polar coordinates in the 
(rotating) plane that passes through the sun, the center 
of the planet, and the spacecraft. The interpretative use of 
such a plot includes the assumption of approximate axial 
symmetry about the sun-planet line, as is established 
adequately for the present purpose by both theory and 
experiment. It is clear that Mariner V penetrated deeply 
into such a scaled magnetosphere. 

Although the foregoing discussion is believed to be 
reliable in establishing a necessary condition for the 
existence of a radiation belt of durably trapped particles, 

it is less clear that such a condition is sufficient to assure 
the existence of a trapped particle population that would 
be detectable by the Mariner V apparatus. Sufficiency is 
argued on the following grounds: 

(1) The magnetic and magneto-fluid dynamical con- 
ditions at the shock front and between the shock 
front and the magnetopause would be essentially 
identical to those of the physical system of the 
earth. 

(2) The existence of easily observable patches or 
“spikes” of electrons E ,  > 45 keV is characteristic 
of these regions around the earth (as confirmed by 
the Mariner V apparatus), as well as to distances as 
great as 500,000 km “downstream” from the earth. 

(3) The frictional interaction between the solar wind 
and the magnetic field and ionized gas of the 
exosphere of Venus would result in a system of 
polarization electric fields (or magnetic convection) 
that would accelerate particles and deliver them 
into the inner magnetosphere with an average 
increase of energy of some tens of kilovolts. 
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It is concluded, therefore, that the absence of a 
detectable population of electrons E ,  > 45 keV (Fig. 11-9) 
near Venus establishes M9/M, = 0.01 as a generous 
upper limit. 

A diagram similar to that in Fig. 11-10 for M9/M, = 
0.001 shows that the sunward magnetopause would then 
lie at the surface of the planet, and that durable trapping 
of charged particles would be impossible. Even in this 
case, however, shock-generated energetic electrons and/or 
protons might be expected. No such indications are 
present in the data. 

Nonetheless, both the magnetometer and the solar-wind 
detector aboard Mariner V observed clear and significant 
(though weak) “signatures” of the planet. These effects 
have been attributed to the magneto-fluid dynamical 
interaction of the solar wind with the conducting iono- 
sphere of the planet; the latter was clearly established 
by other experiments aboard Mariner V. 

Because Venus has about the same size and average 
density as the earth, and probably has a metallic core 
and an internal temperature similar to or greater than 
those of the earth, the very small (or perhaps zero) value 
of the intrinsic magnetic dipole moment of Venus is pre- 
sumably attributable to its very slow rotation-a sidereal 
period of 245.1 +2 days-and the consequent weakness 
of dynamic electromotive forces. 

E. Ultraviolet Photometer Experiment 

The Mariner V flyby mission to Venus presented an 
opportunity to measure ultraviolet emissions from the 
upper atmosphere of the planet with a small instrument. 
The atmospheric species of atomic hydrogen and atomic 
oxygen have resonance lines at 1216 and 1304 A that may 
be measured with a simple UV photometer. The measure- 
ment of the ultraviolet emissions that result from reso- 
nance scattering of solar radiation by these atoms is a 
method of determining their density. The variation of the 
density as a function of height above the surface is a 
measure of the temperature of the outermost region of 
the atmosphere. This experiment provided one part of a 
systematic study of the structure of the atmosphere of 
Venus. This is a report of the first preliminary results 
from the UV-photometer experiment. 

1.  Description a d  operation of photometer. The UV 
photometer consisted of three photomultiplier tubes, each 
with a different filter to isolate different regions of the 
vacuum ultraviolet spectrum. These photomultipliers, 

which have cesium-iodide photocathodes and lithium- 
fluoride windows, respond to ultraviolet radiation be- 
tween 1050 and 2200 A, and have greatly decreased 
sensitivity at longer wavelengths. The three filters are the 
lithium-fluoride window of the first tube and additional 
filters of calcium fluoride and barium fluoride for the 
other two tubes. 

The effective pass bands for the three channels are: 
1050-2200, 1250-2200, and 1350-2200 A. The difference 
between the signals observed by the first two channels is 
caused by the 1216-A Lyman-alpha line of atomic hydro- 
gen, and the difference between the second and third 
channels is caused by the 1304-A triplet of atomic oxygen. 
The third channel also measures any ultraviolet radiation 
at wavelengths greater than 1350 A. The field of view 
(FOV) of the lithium-fluoride/Lyman-alpha channel is 
3.0 deg; the other two channels have FOVs of 1.2 deg. 
The three channels of the UV photometer are aligned to 
look in the same direction. The photomultiplier tubes 
operate with a variable high voltage that is so controlled 
by the anode output current that each tube may operate 
with a dynamic range of lo3 and may be protected from 
potential damage caused by the albedo of Venus. Similar 
photometers have been carried by some Aerobee rockets 
since 1963. 

The UV photometer was mounted rigidly on the 
Mariner V spacecraft with its FOV perpendicular to the 
spacecraft-sun line, and was pointed approximately 
toward the center of the planet at the time of closest 
approach. The FOV of the instrument was approximately 
in the plane of the trajectory. The sun lay 32 deg above 
this plane. As the spacecraft approached the planet, the 
instrument viewed the galactic background. Moving past 
Venus, the UV photometer observed successively its outer 
atmosphere on the night side, the dark planet, the termi- 
nator, and finally the day side. The FOV then passed off 
the bright limb and measured the outer atmosphere, 
which dropped off until only the galactic background was 
again observed. The arrows along the flight path (see 
Fig. 11-2) indicate the viewing direction at the times of 
the dark-limb, terminator, and bright-limb crossings. 

2. Discussion of results. The measurements made by 
the lithium-fluoride/Lyman-alpha channel of the UV 
photometer from 60 min before until 60 min after en- 
counter are shown in Fig. 11-11. The signals are given as 
apparent emission rates of the source in units of kilo- 
rayleighs [lo9 photons (em2 s)-l] for 1216-A photons. 
The horizontal arrows on the left and right give the back- 
ground level measured 2% h before and after encounter. 
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This level is interpreted as principally caused by atomic- 
hydrogen/Lyman-alpha photons that originate in the 
galaxy. As the spacecraft approached the planet, the 
signal increased. This additional intensity was caused by 
the presence of hydrogen atoms in the outer atmosphere 
of Venus that absorb solar Lyman-alpha photons, re- 
radiate them, and produce an ultraviolet airglow. As the 
viewing direction of the UV photometer approached the 
dark side of the planet, the Lyman-alpha signal reached 
a nightglow level of several hundred rayleighs above 
the galactic background. As the FOV crossed the dark 
limb, the ultraviolet signal from the galaxy was cut off 
by an absorbing gas or cloud layer. The signal level 
dropped by an amount equal to the galactic background. 
The sharp cut-off occurred during the time when the 
projected FOV moved past the absorbing edge of the 
planet (Fig. 11-11). 

The spacecraft continued along its trajectory with the 
UV photometer looking at the night side of Venus. The 
Lyman-alpha signal level (a measurement of the Lyman- 
alpha twilight glow) increased as the FOV moved 
towards the terminator. The decreasing shadow height 
allowed progressively more of the hydrogen atoms to be 
illuminated by sunlight. As the FOV reached the termi- 
nator, and the lower atmosphere became fully illuminated 
by sunlight, the lithium-fluoride channel of the UV pho- 
tometer read off scale in response to ultraviolet daylight 
at longer wavelengths. Because of the long-wavelength 

response, all three channels were adjusted to emphasize 
the terminator and bright-limb measurements, and were 
allowed to go off scale during the traversal of the bright 
disk. 

The lithium-fluoride/Lyman-alpha channel signal indi- 
cation remained off scale as the FOV of the UV pho- 
tometer moved across the daylight side of Venus. As the 
viewing direction passed off the bright limb, the lithium- 
fluoride channel again measured Lyman-alpha radiation 
scattered by hydrogen atoms in the outer atmosphere of 
Venus. When the bright limb passed completely out of 
the FOV of the lithium-fluoride channel, a strong signal 
was measured. The emission rate of the Lyman-alpha 
dayglow decreased rapidly as the viewing direction of 
the photometer moved away from the planet. The hydro- 
gen atoms observed were in the upper atmosphere of the 
planet. 

The observations of planetary Lyman-alpha radiation 
continued as the spacecraft moved in front of and away 
from the planet. The Lyman-alpha signal level decreased 
until it again approached the intensity of the galactic 
background (the right edge of Fig. 11-11). 

The measurements made by all three channels of the 
UV photometer for particular phases of encounter are 
shown in Fig. 11-12. The signals from the lithium-fluoride, 
calcium-fluoride, and barium-fluoride channels are plotted 
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Fig. 11-1 2. Signals obtained from photometer channels during critical periods of Venus encounter 

(in arbitrary units) against the time (in minutes) from 
encounter. Compared with that of Fig. 11-11, the time 
scale is greatly expanded. 

Measurements from 9% to 7 min before encounter at 
the time of the dark-limb crossing are shown in the left 
third of Fig. 11-11. Measurements by the lithium-fluoride 
channel (the same as those in Fig. 11-11) show the position 
of the crossing of the absorbing edge of the planet at the 
time when the galactic signal dropped to half of its value. 
Immediately before the dark-limb crossing, both the 
calcium-fluoride and barium-fluoride channels measured 
an increase in signal level followed by a decrease. These 
measurements were interpreted as a night airglow that 
was enhanced because of the instrument looking through 
the layer edge-on. The airglow layer was narrower than the 
projected FOV of the instrument because the width of 
the maximum (Fig. 11-12) was equal to the time required 
for the FOV to pass over a narrow source. Both the 
calcium-fluoride and barium-fluoride channels measured 
the same variation in intensity, indicating that the wave- 
length of this airglow must be longer than 1350 A. 

Data obtained from 1-5 min after encounter, including 
the time of terminator crossing, are shown in the middle 
part of Fig. 11-12. The relative intensities of the signals 
from the calcium-fluoride and barium-fluoride channels 
have been adjusted to apply to an equivalent wavelength 
of 2200 A. These two channels substantially tracked each 
other in the twilight and daylight observations on both 
sides of the terminator. These data suggest that the two 
channels measured the ultraviolet daylight, possibly the 
result of rayleigh and particle scattering in the lower 

atmosphere of Venus. Perhaps the calcium-fluoride chan- 
nel also measured a weak airglow emission before reaching 
the terminator. The lithium-fluoride channel, which had 
been measuring only Lyman-alpha radiation, increased in 
signal level rapidly when it approached the terminator 
because of the contribution of longer-wavelength ultra- 
violet daylight to its signal. The calcium-fluoride and 
barium-fluoride channel levels were both off scale after 
they crossed the terminator. 

Data obtained 16-20 min after encounter, including the 
bright-limb crossing, are shown in the right third of 
Fig. 11-12. The calcium-fluoride and barium-fluoride 
channels again have their relative intensities adjusted for 
an equivalent 2200-A signal. The signals from these two 
channels coincided when they were again on scale as a 
result of the ultraviolet daylight at the edge of the planet, 
which gradually moved out of the FOV. The lithium- 
fluoride channel level remained off scale for almost 1 min 
longer than those of the other two channels because of 
its greater sensitivity and larger FOV; when the channel 
returned to scale, the indicated signal was principally 
caused by Lyman-alpha radiation. 

3. Conclusions. The results from the lithium-fluoride/ 
Lyman-alpha channel show that the amount of atomic 
hydrogen in the upper atmosphere of Venus is compar- 
able to the amount in the upper atmosphere of the earth. 
The atomic-hydrogen atmosphere of Venus is much less 
extended than that of the earth. This implies that the 
temperature in the upper atmosphere of Venus, several 
hundred kilometers above the surface, is much lower 
than the temperature at comparable altitudes in the 
atmosphere of the earth. The lower temperature means 
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that the escape rate of atomic hydrogen from Venus is 
much less than that for the earth. 

The signals obtained from the calcium-ffuoride and 
barium-fluoride channels just beyond the bright-limb cross- 
ing show no evidence of atomic-oxygen emission. These 
signals are consistent with the low temperature deter- 
mined from the atomic-hydromn density measurements. 

On the dark side of Venus, there is a weak ultraviolet 
airglow above the ultraviolet-absorbing atmosphere. This 
emission may result from chemical reactions between 
atmospheric species that have previously been photo- 
dissociated or from charged-particle bombardment. 

F. S-Band Radio Occultation Experiment 

On October 19, 1967, Mariner V passed within 4100 km 
of the surface of Venus. Its trajectory had been designed 
in a manner such that, as observed from the earth, it 
appeared to pass almost diametrically behind the planet. 

About 3 min before the closest approach time, the 
S-band radio beam emanating from the parabolic high- 
gain antenna of the spacecraft began to enter the sensible 
neutral atmosphere on the dark side of Venus with a 
reIative velocity of about 7.3 km/s at a radial distance of 
about 6140 km from the center. At the point of tangency, 
the latitude was about 37 deg N and the solar zenith angle 
was 142.3 deg. As the beam penetrated into the atmo- 
sphere, refraction caused the path of propagation to 
deviate from a straight line and the velocity of propa- 
gation to vary from the speed of light in free space. In 
addition, the lenslike effect of the gradient of refractivity 
caused defocusing, which spread the power in the beam 
over a greater angular width, causing the signal power 
received on earth to decrease. These effects were ob- 
served as changes in the frequency, phase, and signal 
strength received during this period at the tracking 
stations on earth. 

As the beam penetrated deeper into the dense atmo- 
sphere of Venus, these effects became more pronounced 
until, at about 2 min 40 s past the closest approach time, 
the received signal strength gradually descended below 
the threshold of the receiver apparatus. This indicated 
that, rather than being physically interrupted by the limb 
of the planet, the signal was gradually extinguished by 
rapidly increasing refractive defocusing as the critical 
refraction level was approached. 

Approximately 15 min later, the signal again began to 
be discernible as the radio beam emerged from behind 
the sunlit side of the planet and began to rise through the 
atmosphere. The latitude at this point was about 32.4 deg S 
and the solar zenith angle was 33.3 deg. Effects similar 
to those that occurred during the entry into occultation 
were again observed, except that a very strong effect of 
an ionosphere was observed during the exit on the day- 
time side. About 23 min after closest approach, the radio 
beam left the atmosphere of Venus, and the frequency, 
phase, and amplitude characteristics of the signal re- 
turned to those observed in free space. 

1.  Comparison of Venus and Mars experiments. The 
experiment described above is very similar to the one 
performed at Mars with Mariner ZV in 1965 (Ref. 11); 
however, certain significant differences were caused by 
the nature of the Venus atmosphere as compared with 
that of Mars. 

In the case of Mars, the experiment was performed in 
the so-called two-way mode, in which a frequency 
referenced by a rubidium-frequency standard (stable to 
about 1 part in lo1?) was transmitted to the spacecraft, 
where it was coherently retransmitted by a transponder. 
The signal received on the ground had thus completed 
two traversals of the atmosphere of Mars, and the effects 
of these traversals could be measured very precisely by 
comparison to the highly stable frequency reference. In 
preparing for the Venus experiment, however, it was felt 
that, because of the high frequency rates and massive 
defocusing attenuation, it would be unwise to risk loss of 
lock in the spacecraft receiver during a critical data 
period. For this reason, it was decided to carry out all of 
the entry portion of the experiment and most of the exit 
portion in the one-way mode. In this mode, the frequency 
transmitted by the spacecraft is referenced to an onboard 
crystal oscillator, which is inherently less stable. How- 
ever, as borne out in the data, the stability of the oscil- 
lator was quite sufficient for the Venus experiment. An 
attempt was made to establish two-way lock after the 
spacecraft left the neutral atmosphere on exit to probe 
the ionosphere more precisely, but, because of rapid 
changes in frequency rate and uncertainties in the pre- 
dicted time of leaving the neutral atmosphere, two-way 
lock was not reestablished until Iater. 

Another significant change involved the high-gain 
antenna of the spacecraft (Ref. 12). If this antenna had 
pointed directly at the earth in free space, it would have 
performed poorly during occultation because the re- 
fracted radar beam would have emanated from a position 
on the antenna differing from the boresight position by 
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the amount of the refractive bending angle; in addi- 
tion, the gain of the antenna would have been reduced 
at a time when maximum gain was needed to overcome 
increasing refractive defocusing. 

To counteract this problem, a movable high-gain 
antenna was used. This antenna was initially positioned 
to point about 8.2 deg away from the earth in the 
direction of the expected bending. While the spacecraft 
was behind the planet, a signal from a terminator sensor 
initiated a positioning change that moved the antenna axis 
to a position offset by9.7deg in the opposite direction 
to improve the gain during the exit portion of the data. 
In addition to increasing the amount of data collected 
by the S-band experiment, this pointing angle change 
also improved tracking coverage. 

Data for the Mariner V experiment were received at 
all four of the Deep Space Stations (DSSs) at Goldstone, 
Calif. The basic instrumentation and type of data are 
adequately described elsewhere. The major differences 
between the ground station equipment used for the 
Mariner ZV occultation experiment (Refs. 12,13,14) and 
that used for Mariner V were caused by the availability 
of more sensitive receiving equipment and the differences 
in the expected rate of frequency change. 

2. Data acquisition. The 210-ft advanced antenna sys- 
tem ( U S )  was used as the prime station for both open- 
and closed-loop data. The system temperature of this 
station was 28°K at the encounter elevation angle. The 
closed-loop receiver was in the normal station configura- 
tion, in which the doppler extractor and resolver were 
used to obtain frequency in a digital form, and automatic 
gain control voltage was used to indicate received signal 
level (both in real time). 

The closed-loop data were then processed through the 
JPL Orbit Determination Program, which removed all 
effects except those caused by the atmosphere of Venus. 
Because these data were based upon a nondestructive 
cycle count, the summing of the frequency residuals 
yielded a precise measurement of the total phase-path 
change in cycles. These data were then used to obtain 
the results described later in this report. 

The open-loop data were obtained in the form of a 
wide-band predetection analog magnetic tape recording 
from a fixed-tuned receiver. This recording had a band- 
width in excess of 100 kHz, which was required because 
of the high rate of frequency change caused by the orbit 
as well as the effects of the planetary atmosphere. 

The analog magnetic tape was digitized by slowing the 
original 60-in./s tape to 3% in./s so that the 320-kHz 
synchronizing tone was reduced to 20 kHz, which was 
used to trigger the digitizer. The data were first reduced 
by narrow-band filtering of the signal, which permitted 
a great reduction in the amount of data to be processed. 
A digital spectral-anaysis program was used to determine 
the time-frequency function. This time-frequency func- 
tion was then used to run a digital local oscillator to 
minimize the rate of frequency change. 

A digital phase-lock-loop program was then used to 
obtain the remaining frequency changes. These were 
compared to predictions based upon the orbit, and the 
residuals caused only by the atmosphere were computed. 
The received signal level as a function of time was also 
obtained from the phase-lock-loop program, and is shown 
in Fig. 11-13. The undulations that appear in the received 
signal level are apparently caused by phenomena in the 
atmosphere of Venus, such as focusing and defocusing by 
changing gradients. The closed-loop receiver at the AAS 
site lost lock at about 17:39:07 GMT, but the open-loop 
data extend to about 17:42:05 GMT. The combined 
open- and closed-loop data obtained during entry are 
shown in Fig. 11-14. Similar data were obtained during 
exit, except that a smaller percentage was obtained by 
the closed-loop receivers. 

TIME, GMT 

Fig. 11-13. Received signal strength during 
entry into occultation 
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In addition to the AAS, two operational DSSs at 
Goldstone with 85-ft antennas provided backup capability 
for closed-loop operation. The Venus site 85-ft antenna 
at DSS 13 had a new low-noise system with 16.5”K 
system temperature that provided an open-loop backup 
capability. 

3. Data analysis. The data were analyzed using two 
basically different approaches, both having the same 
objective: to find the profile of index of refraction (or 
refractivity) as a function of height in the atmosphere 
from data that basically consist of measurements of 
frequency or phase residuals at certain specified times. 

The most direct method makes use of the trajectory of 
the spacecraft to establish the connection between time 
and geometry, and then uses direct inversion of the 
integral equation describing the ray-optical refraction 
effects to obtain directly the profile of refractivity in the 
atmosphere (Ref. 14). This method is completely general, 
since no a priori assumptions regarding the analytical 
form of the refractive index profile have to be made. 

The other method, referred to as “pseudo inversion,” is 
based upon a step-by-step “construction” of a profile of 
refractivity to match the observed phase-delay data. This 
method makes use of certain properties of planetary 
atmospheres that can be expected to apply also in the 
atmosphere of Venus. In the upper levels of the atmo- 
sphere, the temperature is assumed to be constant above 
some predetermined altitude; the refractivity function 
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Fig. IE-14. Frequency residuals from data taken 
during entry into occultation 
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is, therefore, exponential with constant scale height. 
Once the refractivity at this reference altitude (which can 
be chosen arbitrarily) is determined by adjusting until the 
computed and observed data match, the refractivity in 
each succeeding interval of height of arbitrary thickness 
is represented by an expression valid for a linearly 
changing scale height. The rate of change of scale height 
is adjusted until convergence is achieved. 

4. Results of experiment. Figures 11-15 and 11-16 show 
frequency residuals obtained at the very top of the 
atmosphere during entry and exit, respectively. Theo- 
retical predictions based upon constant scale-height 
(isothermal) models are superimposed as dashed curves 
on the observed data (represented by the dots). Figure 
11-15 shows the actual data to be quite consistent with 
a constant scale height of about 5.4 km for the first 
2030  km of the sensible upper atmosphere. The exit data 
appear to be similar; however, they include the effects 
of a rather intense daytime ionosphere, which must be 
removed before the neutral atmosphere itself can be 
investigated. 

Because of uncertainties in timing, a probable error of 
k0.2 km can be assigned to the measurement of scale 
height in the upper atmosphere. This yields a range of 
ratio of temperature to mean molecular weight of about 
5.49-5.9. On the basis of the solar constant at the orbit 
of Venus and of the observed albedo of the planet, the 
effective temperature is computed to be about 230°K. 
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Fig. 11-15. Entry residuals with theoretical models 
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20 Because this temperature would correspond to some level 
above the visible tops of the clouds, it can be argued 
that, at the altitude at which occultation measurements 
begin (about 6140 km from the planet center), the actual 
temperature would be less than the effective temperature. 
If one assumes, then, that 230°K is the upper limit of 
temperature in the region in which the scale height of 
5.4 rt0.2 km is measured, the range of mean molecular 
weight is 39.0-42.0. This corresponds to percentages of 
carbon dioxide of about 69-87%, provided that the bal- 
ance of the atmosphere is composed of nitrogen. If 
heavier gases are present, the amount of CO, may be 
lower; if lighter gases are present, the amount of CO, 
would have to be correspondingly higher. The measure- 
ment of scale height in the upper neutral atmosphere 
has thus provided an estimate of composition. 
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Fig. 11-16. Exit residuals with theoretical models A profile of refractivity as a function of radial distance 
is shown in Fig. 11-17. 

1 1 I I I l l  I I I l l  I I I l l  To compute pressure and temperature from refrac- 

basis of the preceding discussion, it was decided to re- 

the ratio of refractivity and molecular weight for CO, 
and N, are very similar, the computed pressure profiles 
for the two extreme compositions are coincident to the 
accuracy of illustration, as shown in Figs. 11-18 and 
11-19. Figure 11-18 shows a profile obtained from the 
results of the pseudo-inversion program, and Fig. 11-19 
is based upon the direct inversion. The resulting profiles 

I 1 1 1 1  I 1 1 1 1  I I I l I  I I l l 1  are quite similar, and the pressure at the present limiting 

- - tivity, it is necessary to specify the composition. On the 

strict the range of CO, abundance to 7590%. Because 
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Fig. 11-1 7. Refractivity of Venus atmosphere 
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The variation of temperature in the lower atmosphere 
is presented in Figs. 11-20 and 11-21. Figure 11-20 shows 
the temperature profiles computed from the results of the 
pseudo-inversion program for 60, abundance of 75 and 
90% ; the balance is assumed to be nitrogen. Figure 11-21 
shows the same result computed by the method of direct 
inversion. Again, the results of the two very different 
reduction methods are essentially similar, showing a 
constant temperature above the tropopause at about 
6114 km radial distance, and a rapid increase in tem- 
perature with decreasing altitude below that level. In 
he case of 90% COz, the temperature is about 241°K 

above the tropopause, and the maximum is about 477°K 

Fig. 11-1 8 Pressure of Venus atmosphere 
[pseudo inversion) 

These temperatures are considered good upper and 
lower limits for the actual temperatures in the regions 
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Fig. 11-19. Pressure of Venus atmosphere 
(direct inversion) 

6140 

6130 
E 

IL- 6120- 
V z 
E 6110- 

-I 
5 6100- 
Q 
U 

x 

2 
n 

n 

6090 

6080 

I I 
- - 

- 

- 

- 

- - 

I 
100 200 300 400 500 

Fig. 11-20. Temperature of Venus atmosphere 
(pseudo inversion) 

of the dark side atmosphere that were probed by the 
S-band occultation experiment. The number density was 
also computed for the two limiting abundances of CO,, 
and the results are shown in Fig. 11-22. 

Although the profiles of temperature and pressure do 
not extend to the surface of Venus, one is tempted to 
extend them to the region apparently measured by the 
Soviet Venera-4 spacecraft. If these profiles are extended 
to the region of 15-22 atm of pressure and about 550°K 
in temperature, as reported in Izvestia, the resulting 
radial distance is found to be about 6078 k 1 0  km. If 
this is truly the surface radius, it differs quite markedly 
from the surface radius of 6056~k1.5 km established 
from analysis of planetary radar data (Ref. 15). 
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Fig. 11-21. Temperature of Venus atmosphere 
(direct inversion) 
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Fig. 11-22. Number density in lower atmosphere 

of Venus 

The dayside ionization profile shows a distinct layer, 
with a peak density between 5 X lo5 and 6 X lo5 elec- 
trons/cm3 near 6195 km (Ref. 16). Clear evidence also 
exists of a minor layer approximately 15 km below the 
ionization maximum. The electron density profile is 
shown in Fig. 11-23. 

Just above the ionization peak, the plasma scale height 
is about 13 km. This value for the scale height corre- 
sponds to a plasma temperature of about 300°K if tem- 
perature gradients are negligible and if CO; is the 
principal ion. The plasma scale height on the ionospheric 
topside increases as a function of altitude, indicating a 
higher plasma temperature and/or a change to a lighter 
ion at greater altitude. 
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By analogy with the formation of ionization layers in 
the terrestrial atmosphere, one can interpret the dayside 
ionization peak in terms of three types of models. For 
this discussion, these three classes of models are desig- 
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The F,, or Bradbury, models rest upon the assumption 
that the observed ionization peak results from a rapid 
upward decrease of the ion recombination loss coeffi- 
cients together with downward diffusion of plasma. In 
the F, modeIs, the electron density peak is above the 
region where most of the electron production and recom- 
bination occurs. The F, and E models are based upon 
the assumption that the observed ionization profile is a 
Chapman-type layer, in which the peak coincides with 
the electron-production peak caused by extreme solar 
uItraviolet and X-rays, respectively. 

In the UV-photometer experiment (Ref. 17), no atomic 
oxygen was found on Venus. Thus, it appears that one 
can rule out F, models that are based on atomic oxygen 
as the principal constituent at the ionization peak. Ex- 
amples of F, and E models are illustrated in Figs. 11-24 
and 11-25 The solid temperature and electron density 
profiles below 6130 km were obtained from the refrac- 
tivity measurements in the lower neutral atmosphere for 
the case of 100% CO,. The dashed and dotted curves 
above 6130 km represent an extrapolation of the measure- 
ments in the lower atmosphere up to the level of the 

ionization peak. The minor layer may have been pro- 
duced by X-rays and solar protons in the F, and E 
models, respectively. 

These results are based upon preliminary analysis, 
using data available as of May 1968. The results will be 
improved and refined in the future as more of the open- 
loop data become available and reduction methods be- 
come more efficient. Among the results that will be 
available in the near future are complete profiles of 
refractivity, pressure, temperature, and number density 
on both the entry (nighttime) and exit (daytime) sides, 
using both the closed- and open-loop data. In addition, 
further study of these resuIts will enable conclusions to be 
drawn regarding the evolution of the lower atmosphere 
and the processes at work in the ionosphere. 

G. Dual-Frequency Radio Occultation Experiment 

As Mariner V passed behind Venus on October 19, 
dual-frequency radio transmissions from earth reached 
the spacecraft after passing through the ionosphere and 
atmosphere of Venus. Signal characteristics were mea- 
sured and stored on magnetic tape for later transmission 
to earth via the telemetry channel. From these char- 
acteristics, preliminary profiles of electron concentration 
as a function of radius have been derived by techniques 
described previously (Refs. 16 and 18), for both the 
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nighttime and daytime ionospheres probed by the signals. 
In addition, effects of the dense neutral atmosphere were 
measured over the same two regions on Venus, but very 
little analysis has been attempted thus far because the 
principal effects of the lower atmosphere were more accu- 
rately determined in the S-band experiment. During the 
cruise portion of the mission, the dual frequency ex- 
periment measured characteristics of the interplanetary 
plasma. 

This subsection is primarily a report on the planetary 
data obtained from the dual-frequency experiment. How- 
ever, some very preliminary discussion and interpreta- 
tion relative to physical and chemical properties of the 
upper atmosphere are included with the initial data 
analysis. In addition, there is a brief discussion of how 
the results may help to define a third type of interaction 
of a planetary body with the solar wind; those of earth 
and the moon represent the other two types. 

1. Data acquisition. Harmonic, continuous-wave sig- 
nals at 49.8 and 423.3 MHz were transmitted from a 
150-ft, steerable, parabolic antenna at Stanford Univer- 
sity. Transmitter power was about 350 kW and 30 kW 
at the lower and higher frequencies, respectively. The 
signals were received by fixed, low-gain antennas aboard 
the spacecraft. These were provided by feeding two of 
the solar panels for the lower frequency, and by adding 
a dipole with reflectors at the end of one of the panels for 
the higher frequency. The design of a phase-locked DFR 
for interplanetary plasma measurements aboard Pioneer 
spacecraft was modified for the Mariner V instrument. 

At the spacecraft, the 2/17 subharmonic of the higher 
frequency was compared with the lower frequency to 
provide a beat note whose frequency was measured by 
counting positive and negative zero crossings. These 
counts provided a dispersive doppler measurement of the 
change in the amount of plasma along the path, with 
one count representing a change of about 2 X 1014 
electrons. The sign of the change could also be de- 
termined because the two frequencies actually differed 
from the 2/17 ratio by a precisely determined bias of 
50 Hz. Thus, the count was 60 in the 0.6-s sampling 
period if no change of ionization occurred along the 
changing path in that interval; values larger or smaller 
than 60 indicated the amount and sign of the change. 

The amplitudes of each of the two signals were mea- 
sured every 0.6 s during encounter. Changes in ampIitude 

caused by Venus were expected because of the following: 
(1) focusing and defocusing in the Venusian ionosphere; 
(2) defocusing in its neutral atmosphere; (3) possible 
absorption in its ionosphere or atmosphere; and (4) pos- 
sible diffractive cutoff of signals by the limb of the solid 
planet. It appears that (1) and (2) were seen and (4) 
was not seen, whereas it has not yet been determined 
whether there was any measurable absorption. 

2. Atzalysis of data. The dispersive doppler and two 
sets of amplitude measurements constitute the results 
of the experiment that are to be discussed further. Al- 
though the frequencies of the two signals were also 
measured, and several differential group-path measure- 
ments were made near encounter, they are not sui%- 
ciently precise to aid in the preliminary analysis. The 
frequency measurements were included in the original 
DFR design for engineering and operational use; the 
group-path measurement is of particular value for 
the interplanetary studies. 

The regions probed at Venus by the radio signals are 
shown in Fig. 11-2. During entry, the ionosphere and 
atmosphere at about 35-deg N lat were measured. The 
solar zenith angle was 140 deg, and this area had been 
out of direct sunlight for about 15 earth days. At exit, 
the latitude was 30 deg S, the solar zenith angle 40 deg, 
and the region studied had been in sunlight for about 
30 earth days. Assuming that the solar wind arrives at 
about 5 deg from the sun-Venus line because of aber- 
ration, the angle between the subsolar-wind point and 
the daytime region of the atmosphere probed by the 
radio waves was about 45 deg. 

a. Amplitude measurements. The amplitude measure- 
ments are shown in Fig. 11-26. In the absence of the 
planet, all amplitude curves shown would ideally stay 
at the level indicated as 0 dB. The most obvious effect 
of Venus is the general reduction of signal strength upon 
entry and the rise upon exit, showing the defocusing 
effects of the neutral atmosphere. However, for purposes 
of this discussion, the ionospheric effects indicated by 
numbers 1-5 in this figure are of prime interest. 

The number I in Fig. 11-26 indicates the focusing and 
defocusing at 423.3 MHz caused by the dense part of 
the nighttime ionosphere. These effects should be mag- 
nified at the lower frequency because the angle of ray 
bending is proportional to f-2, where f is the radio fre- 
quency (see Ref. 15). At 49.8 MHz, the number 2 shows 
16 dB of signal loss caused by ionospheric defocusing. 
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Fig. 11-26. Signal amplitudes at two frequencies during entry (nightside) and exit (dayside) occultation 

Upon exit over the daytime side of the planet, the 
main ionospheric effect at 423.3 MHz is indicated by 
the number 3. This feature is rather similar to 2 for the 
nighttime ionosphere measured at 49.8 MHz. If 2 and 3 
were the same, it would follow that the shapes of the 
two layers near their peaks would be approximately 
the same, but the peak electron concentration would be 
related as 

where ZnIgh t  and zday are the distances from the limb of 
the planet to the spacecraft upon entry and exit occulta- 
tion, respectively, and Nma, is the peak electron concen- 
tration (Ref. 18). Thus, to the extent that 2 and 3 are 
similar, (Nmax)day  E 50 ( N m a x ) n i g h t s  

The more detailed amplitude features of 2 and 3, in 
particular the cusps on the right side of 2 and on the left 
side of 3, are similar to what would be expected if 
caustics were formed before the rays reached the space- 
craft. That is, it appears that certain of the adjacent rays 
that were parallel (having come from earth) as they 
entered the ionosphere were refracted dzerentially to 
the extent that they crossed over (formed caustics) in the 
region between the planetary limb and the spacecraft. 

This results from high values of the second derivative of 
electron concentration with altitude (Ref. 18). Because 
of the caustics, special precautions and procedures are 
required in the analysis. 

It appears from the number 5 (Fig. 11-26) that the effects 
of the daytime ionosphere were so intense that they may 
have prevented reliable measurement of the 49.8-MHz 
signal for most of the time until the rays had passed 
several hundreds of kilometers above the peak of the layer. 
Indicated signal strength between E+22 min, 0 s and 
E +23 min, 30 s is so low that the receiver may actually 
have been out of lock at this time. However, such ino- 
spheric interference would be quite incompatible with the 
low densities and gradients expected at these altitudes if 
the main layer decays with altitude, as would be expected. 
It is possible that 5 is caused by the receiver not locking 
to a strong signal in the expected way. An alternative 
possibility is that this high region of the atmosphere has 
unsuspected characteristics. The latter possibility is 
strengthened by the small amplitude fluctuation noticed 
at 4 in the strength of the 423.3-MHz signal. This point 
will be further discussed after the dispersive doppler 
results are presented. 

b. Doppler measurements. Figure 11-27 shows the 
main results of the dispersive doppler measurements. 
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Curves of integrated doppler frequency, or cycles of dis- 
persive doppler phase, are shown as a function of time 
relative to encounter, with the time scales for entry and 
exit positioned so that the two curves can be compared 
in terms of altitude. The distance scale is not quite linear 
with time, but several positions of interest are indicated 
for p (the distance from the center of the planet to the 
nearest point on a straight-line path between earth and 
the spacecraft). 

Before encounter, the very sensitive doppler system 
was measuring a dispersive frequency of about +0.06 
Hz, corresponding to an increase in the integrated elec- 
tron content between earth and Mariner V of about 
2.4 X l O I 3  electrons (m2 s)-l. This is almost entirely be- 
cause of changes with time of the content of the iono- 
sphere of the earth. In fact, measurements between the 
Stanford University station and the ATS (Applications 
Technology Satellite) taken during the time of entry and 
exit, showed effects caused by the terrestrial ionosphere 
corresponding to a nearly constant frequency of about 
0.07 Hz when analyzed for the Mariner V path. 

At about E - 13 min, the Mariner V doppler frequency 
changed to approximately 0.11 Hz, and stayed near this 
value until about E-5 min when it started to increase 
more dramatically. Because the earth measurements re- 
mained about the same, the change starting at E - 13 min 
must be caused either by a changing interplanetary con- 
tent or by ionization extending nearly 10,000 km from 
the center of Venus on the night side. 

The measured effect of the terrestrial ionosphere was 
subtracted for both curves of Fig. 11-27, and it was as- 
sumed that the remainder, in terms of changing electron 
content along the path, was caused by the nighttime and 
daytime ionospheres of Venus. It is possible that changes 
in interplanetary conditions could have caused the slow 
build-up of phase indicated between E-13 and 
E-5 min. This does not seem likely, however, because 
the Mariner V and Applications Technology Satellite 
measurements of changing content along their paths cor- 
respond very closely before E - 13 and after E +24 min. 
In addition, the interplanetary content appeared to remain 
relatively steady throughout the day, indicating an aver- 
age electron concentration of about 4.3 ~ m - ~  along the 
earth-Mariner V path. 

After E-5 min, the dense part of the nighttime iono- 
spheric layer caused the rapid changes in phase that are 
shown in Fig. 11-27. 

The effect of the daytime ionosphere is dramatically 
different. There does not appear to be any effect of the 
planet above about p = 6570 km; i.e., above an altitude 
of about 500 km. Even more surprising is the sudden 
transition from interplanetary conditions to the very 
sharp, large increase of dispersive phase with decreasing 
altitude. Unfortunately, the dispersive doppler apparently 
was not accurately measured farther down into the iono- 
sphere because of the near or complete absence of signal 
at 49.8 MHz, as indicated before the rise at 5 in Fig. 11-26. 

c. Electron concentration. A combination of the dop- 
pler and amplitude results has been used to deduce 
preliminary profiles of electron concentration as a func- 
tion of distance from the center of Venus. Integral in- 
version was used to derive profiles directly from the 
measured doppler data (Ref. 18), whereas very prelim- 
inary model-fitting computations have been used to 
obtain approximate characteristics of profiles from the 
measured amplitude data. The results are illustrated in 
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Fig. 11-28. Because of the wide range of electron con- 
centrations that were measured, a logarithmic scale is 
used. This also permits comparisons of slopes with plasma 
scale heights computed for various possible constituents 
and temperatures. 
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The total nighttime profile that is illustrated in Fig. 
11-28 was obtained by inversion of the doppler data, 
assuming straight-line propagation. When ray bending 
was included in the analysis, a profile was obtained with 
practically no change from Fig. 11-27 down to a radius 
of about 6250 km, but this analysis could not proceed 
farther down because of cross-over of the computed ray- 
paths. This could be caused either by noise in the data 
or by the formation of a real caustic, and it is believed 
that a real caustic formed (as discussed above). Thus, 
the profile shown below this altitude cannot be said to 
be a true representation of the layer. On the other hand, 
the error in peak concentration may not be very large 
because model fitting, using a limited number of Chapman 
layers, shows reasonable agreement (including the cusp) 
with 2 of Fig. 11-26 for N,,, = lo4 ~ m - ~  and a plasma 
scale height of 10 km near the peak. 

- 

- 

- 

- 

- 

- 

Above 6250 km, there appear to be several regimes on 
the night side characterized by different scale heights. 
The almost constant density shelf with N = 300 ~ m - ~  
between radii of 7500 and 9500 km is difficult to explain. 
The method of data analysis was discussed in some de- 
tail to indicate the problems involved in measuring such 
extremely low densities. If the constant doppler bias 
used in setting the zero of the phase curve in Fig. 11-27 
were changed, the magnitude of N in the shelf would 
change, but not its near constancy with radius. From the 
shape of the phase curve, it appears that the electron 
density is probably fairly constant up to a relatively 
sudden plasmapause near 9700-km radius. However, it 
could well be that a very small, nonconstant frequency 
term caused by the interplanetary medium or a lack of 
spherical symmetry could tilt this portion of the profile 
sufficiently to correspond to a diffusive equilibrium dis- 
tribution of H+ at a reasonable temperature on the order 
of 1000" K. 

There is not much latitude in interpreting the dope 
between 6800 and 7500 km. Hydrogen ions and a plasma 
temperature (mean electron and ion temperature) between 
625 and 1100°K seem to be the only likely explanation for 
this feature in the data. The region below 6800 km, and 
down to 6300 km, is most probably composed of He+ with 
a plasma temperature of 620-970°K. At lower altitudes, 

the presence of a number of heavier ions could explain 
the observed scale heights, as illustrated in Fig. 11-29. 

The ionization peak observed on the night side of 
Venus is probably analogous to the E and D regions 
found in the nighttime atmosphere of the earth. This 
would require a neutral density of 1013-1015 molecules 
~ m - ~  at the ionization peak. Possible energy sources 
include galactic cosmic rays, solar Lyman radiation back- 
scattered from hydrogen, and meteoric bombardment. It 
also seems possible that the peak may have been pro- 
duced by horizontal transport of plasma from the day 
side of the planet. In this case, the peak may be located 
at a neutral density level that is several orders of mag- 
nitude lower. The dayside peak may be of the F,, E, or 
D type. An F2 layer with the principal ion 0' can prob- 
ably be ruled out because no oxygen was detected with 
the UV-photometer experiment. 

It is not possible to limit the number of possibilities 
before the neutral density at the observed peaks can be 
determined by extrapolation from the lower atmosphere. 
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As discussed below, it is expected that current systems 
are set up in the ionosphere, and these might have an 
effect on the distribution of ionization on both sides of 
the planet. 

Integral inversion of the dispersive doppler measure- 
ments near the daytime plasmapause provides the pro- 
file indicated by the solid curve in Fig. 11-28. As discussed 
above with regard to scaling between 2 and 3 of Fig. 11-26 
and the fit obtained for the nighttime peak, it follows 
that a Chapman layer of N,,, = 5 X lo5 ~ m - ~  and a 
plasma scale height of 10 km provide a first-order ap- 
proximation to the features of 3. These values were used 
to show the dashed-line daytime peak of Fig. 11-28. 
Neither the amplitude nor doppler measurements pro- 
vide direct information about the ionization lying be- 
tween the main peak and the higher plasmapause. The 
dotted line shown in Fig. 11-28 is meant only to illustrate 
the transition. 

Because of the unusual and unpredicted nature of the 
daytime plasmapause, a possible alternative explanation 
of the measurements was attempted. It was hypothesized 
that the indicated high values of N do not exist in these 
regions, which are several hundred kilometers above the 
main ionization peak. This condition would seem to 
require both an unusual raypath geometry (because of 
complex lower layers that focus refracted rays up towards 
the spacecraft) and unexpected behavior of the 49.8-MHz 
receiver in not locking onto the strong direct signal to 
explain both 5 and the measured doppler. Even this 
combination of events would not account for the ampli- 
tude ripple in the 423.3-MHz signal at 4. Although this 
ripple is small, it represents a change of two data levels 
in a region where it stands out as being unusual, and its 
shape, position, and magnitude correspond approximately 
to the derived plasmapause features. Consequently, the 
preliminary conclusions are that the indicated daytime 
plasmapause (ending at 6570-km radius) is most likely 
real, and the complete or very nearly complete absence 
of planetary plasma above this radius is also real. 

3. Interaction definition. The daytime plasmapause 
may be of great significance for understanding the inter- 
action of the solar wind with Venus. Although this iono- 
spheric feature was described above as unusual and 
unpredicted, in retrospect it is now beginning to appear 
to be a natural extension of previous work on the inter- 
action of the magnetized plasma of the solar wind with 
a planetary body having little or no intrinsic magnetic 
field, but having relatively high conductivity. The inter- 
planetary magnetic field lines cannot pass rapidly through 

the conducting body; therefore, a stagnation field builds 
up that deflects subsequent lines and particles, and a 
bow shock forms. 

The simplest case of a solid, nonmagnetic, conducting 
body in the solar wind has been treated by Gold 
(Ref. 19). He discussed the problem in terms of the moon, 
where the concept is probably inapplicable because the 
conductivity is not sufficiently high (see Ref. 10). The pres- 
ence of an atmosphere complicates the problem, but can 
provide the needed high conductivity caused by the 
formation of an ionosphere. Dessler (Ref. 20) has treated 
this case in the context of nonmagnetic Mars, where the 
concept is probably applicable, although no measure- 
ments have been made that relate directly to the pre- 
dictions. Dessler considers the potential flow of the solar 
wind around Mars, which would have a standing bow- 
shock wave at a radius of about 1.4 times the radius of 
Mars on the day side. The shock, in turn, results from 
the pile-up of interplanetary magnetic field against the 
nearly impervious (to motion of magnetic field lines) 
conducting ionosphere. [In the absence of both body 
magnetism and body (including the atmosphere and iono- 
sphere) conductivity, the interplanetary magnetic field 
would pass through the body, and the solar-wind par- 
ticles would be undeviated until they struck the atmos- 
phere or surface.] In his treatment, Dessler was primarily 
concerned with the ionizing effect of the shocked solar 
plasma inside the bow shock as it interacts with the 
upper atmosphere of Mars. This mechanism may be 
the cause of the high level of ionization seen in comets 
(Ref. 21), and may help to explain the relatively high 
plasma density just inside the plasmapause. 

After the possible existence of a sharp plasmapause 
in the upper atmosphere of Venus was announced as a 
preliminary result of the Mariner Venus 67 mission, 
Johnson extended the concepts introduced by 
Dessler. He made a preliminary consideration of the 
transition region between the region where the currents 
flow (the main ionospheric layer) and the level where 
the shocked solar wind can flow past the planet without 
being impeded by the atmosphere. In his description, 
the plasmapause would also be the magnetopause of an 
induced magnetosphere. Above this level, any planetary 
atmosphere particle that is or becomes ionized is quickly 
carried away by the shocked solar wind that flows by 
the planet between the bow shock and the magneto- 
pause. The induced magnetosphere consists of a com- 
pressed interplanetary magnetic field having sufficient 
magnetic pressure to deflect both the particles and the 
field of the solar wind. The pressure is transferred to the 
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level of the ionosphere where currents sufficient to nearly 
terminate the magnetic field can flow, and where the 
pressure can, in turn, be transferred from the ionospheric 
plasma to the neutral atmosphere through collisions. 

Although the dual-frequency measurements of the 
neutral atmosphere have not been analyzed in detail, 
a few points of interest are apparent from the data shown 
in Fig. 11-26. There is no evidence of a diffractive cutoff 
of the signal by the limb of the solid planet, as would 
be expected from the results of the Veneru-4 spacecraft, 
which indicate that the atmosphere should be super- 
refractive. Thus, horizontal radio and light rays 
at the critical level are bent completely around the planet. 
From the duration of the 423.3-MHz signals upon entry, 
for example, it follows that the atmosphere was probed 
down to within a few kilometers of the level of critical 
refraction. 

The 423.3-MHz signal shows more fluctuation in ampli- 
tude when it is going through the atmosphere E -3 min, 
10 s to E-20 s and E+21 min, 10 s to E+23 min, 0 s 
than when there are no planetary effects. This has impli- 
cations with regard to atmospheric irregularities and 
possible layering. The average values of defocusing at 
the higher frequency could be used to find average 
refractivity as a function of height; from this, tempera- 
ture and number-density profiles could be derived as- 
suming CO, as the principal constituent, and assuming 
no absorption. Although the principal atmospheric prop- 
erties are better defined from the S-band frequency mea- 
surements, it is still important to conduct a detailed 
analysis of the dual-frequency results as a check, in a 
search for possible differential absorption with frequency, 
and for study of the fluctuations. 

At 49.8 MHz, the amplitude fluctuations are much 
larger; therefore, the differential effect relative to the 
higher frequency may help to determine characteristics 
of ionospheric irregularities. The up-fades between 
E - 1 min, 40 s and E - 1 min, 10 s reach a strength about 
7 dB greater than the relative strength of the signal at 
423.3 MHz. This would have been attributed to the gen- 
erally irregular atmospheric-ionospheric effects except 
for a similar up-fade in the 49.8-MHz signal at E+21 
min, 30 s to E +21 min, 50 s .  It appears to be possible that 
these are reflections from the solid surface of Venus. 

The expected signal characteristics for surface reflec- 
tions from a planetary body with a super-refractive 
atmosphere had been studied earlier; it was concluded 

that atmospheric defocusing on the direct signal could, 
under certain conditions, be markedly greater than for 
a near-grazing reflection path that would be bent around 
the planet by the same amount. This effect can more 
than compensate for the loss at reflection; it was pre- 
dicted, for example, that the reflected signal would be- 
come stronger than the direct signal in the vicinity of 
these up-fades. If they do represent reflections, the dis- 
persive doppler should show differences caused by the 
different paths for the direct ray at 423.3 MHz and the 
bounce ray at 49.8 MHz. 

Although dispersive doppler measurements in this 
region are not completely reliable, they do show effects 
upon both entry and exit that are of the right sign, and 
are reasonably close to the predicted magnitude, to 
correspond to surface reflections. The ability of the 
phase-locked systems to respond to such reflections is 
critically dependent upon their spectral width. Only at 
the lower frequency would the predicted bandwidth of 
reflected signals be small enough for most of the energy 
to lie within the receiver bandwidth. Raypaths can, of 
course, reach the surface through a super-refractive 
atmosphere because they pass through the critical level 
at angles of incidence less than 90 deg, whereas direct 
occultation rays would be at 90 deg when they reach 
the critical refraction level. 

4. Conclusion. Considerably more work needs to be 
done in the analysis and study of the dual-frequency 
measurements, particularly as regards the amplitude 
measurements and the neutral atmosphere; model fitting 
to the daytime ionization peak; constituents, number 
densities, and temperatures above the nighttime ioniza- 
tion peak; characteristics and theories of both peaks; 
characteristics of the daytime plasmapause; and com- 
parisons with the results of the S-band and other 
Mariner V experiments. 

The dynamic range of the dual-frequency experiment in 
terms of electron concentration at Venus (see Fig. 11-28) 
is more than three orders of magnitude. The precision 
is variable, depending upon whether dispersive doppler 
or amplitude measurements are used in the analysis. 
Caustics cause particularly difficult problems, and were 
certainly encountered on the day side and probably 
on the night side near the main ionization peak. For a 
future flight, it would be valuable to have a second dis- 
persive doppler comparison (e.g., between 423.3 MHz 
and S-band) so that all of the levels of ionization could 
be measured with the high precision of this type of 
measurement. 
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Perhaps the most important single result of the dual- 
frequency experiment was the discovery of the day-side 
plasmapause. It seems very likely that Mars also has 
an induced magnetosphere, magnetopause, and plasma- 
pause caused by the solar wind. Mars appears to be 
without appreciable self-magnetism, and it has a con- 
ducting daytime ionosphere comparable to that of Venus 
(Ref. 22). The sensitivity of a dispersive doppler experi- 
ment may be required for its detection (see Ref. 18). 
There appear to be three different types of interaction of 
planetary bodies with the magnetoplasma of the solar 
wind; the earth is one, the moon a second, and Venus and 
Mars a third class. These differ because of planetary 
magnetism (earth); high ionospheric conductivity and 
an atmosphere, but no magnetism (Venus and Mars); 
and no magnetism, no atmosphere, and low conductivity 
(moon). 

Deep Space 
Station 

H. Celestial Mechanics Experiment 

The ranging and doppler radio tracking data from 
Mariner V have been fit by the method of weighted 
least squares to obtain, along with other measurements, 
the masses of Venus and the moon. 

rms rmr 
Mean 

No. residual residual 
residual 

of (no (no range), (with 
pointsb range), range), 

mm/s 
mm/se mm/sd 

The direct determination of the mass of Venus from 
the encounter orbit is expressed fundamentally in terms 
of the universal gravitational constant G times the mass 
M and is given by GMn = 324,859.61 +-0.49 km3/s2. If the 
radar value of the astronomical unit (AU = 149,597,890 
km) is assumed, the corresponding sun-Venus mass ratio 
from Mariner V is 408,522.6 ~ 0 . 6 .  

Cebreror 
Tidbinbilla 
Woomera 

Johonnesburg 
Echo 
Mars 

Total 
- 

The monthly periodic motion of the earth about the 
center of mass or barycenter of the earth-moon system 
is appreciable in both range and doppler data. There- 
fore, the amplitude of this motion can be determined 
from the 4 mo of cruise data between the end of the 
midcourse maneuver and planetary encounter; from this, 
a value of the earth-moon mass ratio p-l can be deduced. 
Because of the ranging data, which have not been avail- 
able from other spacecraft in interplanetary space, the 
determination of p-l from Mariner V is potentially 
the most accurate of any value reported to date. Indeed, 
the expected uncertainty in p-l is on the order of 
lt0.0002. However, various fits to the ranging and dop- 
pler data have produced values ranging from a low of 
81.2999 to a high of 81.3009. Systematic errors are evi- 
dently entering into current solutions. Until these error 
sources can be removed, the best that can now be done 
is to set p-l = 81.3004, and to increase the uncertainty 
figure to +0.0007. 

354 0.691 -0.131 0.686 

18 0.502 0.021 0.504 

344 0.653 0.042 0.568 
31 - - 0.424 

177 0.558 0.025 0.737 

0.2.09 0.966 181 0.932 

1105 0.704 0.010 0.709 
- -  - -  

To obtain some measure of the accuracy of fit of the 
encounter and cruise solutions, the rms and mean resid- 
uals are respectively listed in Tables 11-2 and 11-3 for 
each tracking station and for the total of data from all 
stations. If there are N residuals (6zi; i = 1,2, a*., N )  for 
which mean residuals are to be computed, then the rms 
residual is defined by 

and the mean residual is simply 

The rms residual does not account for the distribution 
of residuals with respect to sign, whereas the mean re- 
sidual indicates whether or not the residuals are dis- 
tributed about a zero mean. 

In all solutions, the rms doppler residual is less than 
1 mm/s, an indication of the accuracy of the data. Two 
encounter solutions are represented in Table 11-2. The 
first is a fit to doppler data only in an interval from 
5 days before to 5 days after encounter. The second is a 
fit to doppler and range data over the same interval. 
Moreover, the doppler-only solution includes corrections 
to the six orbital elements of the spacecraft and the mass 
of Venus, whereas the doppler-and-ranging solution also 
includes corrections to the position vector of Venus at 
encounter, a solar-radiation pressure constant, and the 
locations of the tracking stations. 

Table 11-2. Mean residuals for encounter solutions" 

Mean 
residual 

(with 
range), 
mm/s 

-0.063 

-0.029 

-0.127 

0.008 

-0.040 

0.258 

-0.020 

36 JPL TECHNICAL REPORT 32-1203 



Table 11-3. Mean residuals for cruise solution IAU knowdB 

I I I I 

Deep Space 
Station 

Number of 
range pointsd 

Number of 
doppler pointsb 

Mean range 
residual, me residual, m 
rms range 

Cebreros 
Tidbinbilla 
Woomera 
Robledo 
Echo 
Mars 
Total doppler 
Total range less 

Mars 
I 

410 
971 
553 

1074 
457 
249 

3714 

"IO-min sample interval. 
bDoppler error weight = 0.791 mm/r. 
CTotol rms doppler residual/error weight = 0.599. 
dRange error weight = 162 m. 
@Total rmr range residual/error weight = 0.316. 

rms doppler 
residual, 
mm/s" 

0.567 
0.424 
0.408 
0.377 
0.671 
0.555 
0.474 

Mean doppler 
residual 

mmls 

0.235 
0.066 
0.137 
0.155 
0.093 
0.1 21 
0.1 28 

6 
298 

74 
285 

65 
140 

72.6 
51.5 
50.1 
52.6 
41.2 
2027 

20.2 
- 5.3 
42.8 
10.1 
- 3.3 

450 I 

728 I 51.2 I 6.0 

Table 11-2 shows that the fit is good in both solutions. 
The mass of Venus that best fits the data is the same in 
both; the only difference is about one-third the standard 
deviation of k0.49 km3/s2 on GM,. In computing stan- 
dard deviations, an error of k1.67 mm/s has been as- 
sumed for each encounter doppler measurement, as 
indicated in the table. When the total rms residual is 
divided by this assumed error, a dimensionless overall 
goodness-of-fit measure of about 0.425 is obtained for 
both solutions. 

The cruise solution that gives a value for the earth- 
moon mass ratio (Table 11-3) shows similar mean resid- 
uals in the doppler data; in addition, the range residuals 
reveal an rms residual of about 50 m. This value is the 
result of numerical round-off error arising when the range 
data are computed to only eight significant figures (single 
precision on the 7094 computer), and does not represent 
the measurement error of about 10-20 m. 

The range residuals from DSS 14, the 210-ft-antenna 
Mars station, are much greater than from the 85-ft sites, 
which track to a distance of approximately 6 X lo6 km. 
By contrast, the 210-ft antenna can track to planetary 

encounter (about 80 X loG km) and beyond, and the 
round-off error is proportionately larger. 

Solutions by the weighted-least-squares method de- 
pend, of course, upon the relative weighting of the range 
and doppler data. The total rms residual divided by the 
assumed error weight is about the same for both types 
of data (Table 11-3), which indicates that the relative 
weighting is reasonably correct. 

In the future, the computation of ranging data will be 
accomplished in extended precision, and the error weight 
will be reduced to the level of the measurement error. 
Also, the cruise and encounter data will be combined in 
a single solution to obtain important information on the 
AU and certain elements of the orbit of the earth. At 
present, the best that can be said is that the radar value 
of the AU (149,597,890 km) is consistent with the 
Mariner V data, and that the cruise solutions accom- 
plished to date (those which include corrections to the 
orbital elements of the earth) indicate that significant 
corrections on the order of 1/10 s of arc are needed to 
fit the data. For example, one correction requires that 
the instantaneous axis of revolution of the earth about the 
sun be moved by at least 4i s of arc toward the axis of 
rotation of the earth to produce residuals as small as 
those indicated by Table 11-3. 
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111. Trajectory and Orbit Determination 

The various phases of the Mariner V trajectory, launch 
to maneuver, maneuver analysis, postmaneuver cruise, 
encounter, and postencounter, are described in this sec- 
tion. Also, orbit-determination information on tracking 
data coverage, premaneuver results, midcourse-maneuver 
analysis from radio tracking data, cruise results, and real- 
time encounter results are included, 

A. Trajectory 

1. Launch to maneuver phase. The Mariner V space- 
craft was launched from launch complex 13 at the Air 
Force Eastern Test Range (AFETR), Cape Kennedy, 
Fla., on Wednesday, June 14, 1967. The launch vehicle 
consisted of an Atlas/Agena combination. The ascent is 
shown in Fig. 111-1; Fig. 111-2 depicts the sequence of 
events from launch to Canopus acquisition. Liftoff oc- 
curred at 06:01:00.176 GMT, with an inertial launch 
azimuth of 101.1 deg east of north. After liftoff, the 
booster rolled to an azimuth of 102.3 deg and performed 
a programmed pitch maneuver until booster cutoff. Dur- 
ing the sustainer and vernier stages, adjustments in 

vehicle attitude and engine cutoff times were com- 
manded, as required, to adjust the altitude and velocity 
at Atlas vernier cutoff. Vernier engine cutoff occurred 
as anticipated at 317.75 s into the mission. Following 
Atlas cutoff , the shroud protecting the spacecraft during 
the ascent through the atmosphere was jettisoned and 
the Atlas booster separated from the Agena stage. The 
Agena engine was then burned for 142.5 s, injecting itself 
and the spacecraft into a near-circular parking orbit at 
06309345.360 GMT at an altitude of 185.04 km. 

After a parking orbit coast time of 13.28 min, deter- 
mined by the ground guidance computer and trans- 
mitted to the Agena during the A t h  vernier stage, a 
second ignition of the Agena engines occurred. After the 
burn duration of 94.40 s, the Agena and the spacecraft 
were traveling in a geocentric escape hyperbola at 11.40 
km/s. The A g e m  and the spacecraft then separated, and 
the Agena performed a maneuver to place it in a separate 
orbit from that of the spacecraft. This maneuver reduced 
the probability of the Agena impacting Venus and con- 
taminating the surface of the planet. 
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Fig. 111-1. Ascent trajectory profile 

Injection (second Agena cutoff) occurred at 06:24:35.500 
GMT over the Atlantic ocean at a geocentric latitude 
of -4.67 deg and longitude of 351.54 deg. At that time, 
the Agena-spacecraft combination was at an altitude of 
192.65 km and traveling at an inertial speed of 11.40 
km/s. The geocentric characteristics of the Mariner V 
trajectory are listed in TabIe 111-1. 

The Agena-spacecraft combination was in the shadow 
of the earth from launch to 19.27 min after launch. 
Agena-spacecraft separation occurred 161.3 s after 
transfer-orbit injection. Within 1 h after injection, the 
spacecraft was receding from the earth in an almost 
radial direction, with decreasing speed. This reduced the 
geocentric angular rate of the spacecraft (in inertial co- 
ordinates) until the angular rate of the rotation of the 
earth exceeded that of the spacecraft. 

Because of the low sensitivities of the transfer orbits 
of both the spacecraft and the Agena to changes in the 
injection (second Agena cutoff) conditions, it was neces- 
sary to bias the targeted aiming point away from the 
target, Venus. The bias was done to ensure a prob- 
ability of less than 3 X of either the Agena or the 
spacecraft impacting and contaminating Venus. After 
several days of continuous tracking without a midcourse 
correction, an estimate showed the spacecraft to be on a 
nominal biased trajectory that would pass the leading 

edge of Venus at a closest approach altitude of 69,693 km. 
The closest approach would have occurred at 03:52:45.155 
GMT on October 19, 1967. 

To alter the trajectory so that the spacecraft would 
pass at the closest approach through a selected aiming 
region located at approximately 10,200 km from the 
center of Venus (4000 km from the surface), a midcourse 
maneuver, using a 17.40-m/s velocity increment (80-m/s 
capability), was required. In addition to altering the miss 
distance at Venus, this correction changed the arrival 
time to 17:35:00 GMT on October 19, 1967, permitting 
the central computer and sequencer (CC&S) of the 
spacecraft to activate various subsystems at the correct 
times near encounter and for the cIosest approach to 
occur over the prime tracking stations at Goldstone, 
Calif. The midcourse motor was ignited at 23:08:06 
GMT on June 19, 1967. At this time, the spacecraft was 
at a geocentric range of 1,581,570.3 km and traveling at 
an inertial velocity of 2.9915344 km/s relative to the 
earth. 

2. Maneuver analysis. The control of the encounter 
parameters on an interplanetary trajectory is accom- 
plished by means of midcourse maneuvers that are 
changes in the velocity of the spacecraft and are imple- 
mented by means of a small rocket motor on board the 
spacecraft. The capability to make two midcourse ma- 
neuvers was necessary for the Mariner Venus 67 mission 
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13 12 II 

8,9, IO 

EVENT 

I. LAUNCH 
2. BOOSTER ENGINE CUTOFF 

AND JETTISON 
3. SUSTAINER CUTOFF 
4. VERNIER CUTOFF 
5. SHROUD EJECTION 
6. AGENA SEPARATION 
7. AGENA FIRST BURN IGNITION 
8 .  PARKING ORBIT INJECTION 
9. AGENA SECOND BURN IGNITION 
10. /?GENA SECOND CUTOFF 

II. SPACECRAFT SEPARATION 
12. SPACECRAFT SOLAR ACQUISITION 
13. SPACECRAFT CANOPUS 

(= INJECTION) 

ACQUISITION 

'\io, INJECTION 

2 

8 

Fig. 111-2. Sequence of events to Canopus acquisition 

to ensure an acceptable a priori probability of achieving 
a satisfactory set of encounter parameters. The allowable 
variations in the encounter parameters were quite lim- 
ited because the spacecraft was designed for a specific 
encounter geometry and arrival time. The prelaunch 
probability of achieving a satisfactory encounter with no 
maneuvers was essentially zero for two reasons. First, 
because of normally occurring in-tolerance injection dis- 
persions, the resulting encounter dispersions are much 
larger than the acceptable encounter zone. Second, the 
planetary quarantine constraint required targeting 
the spacecraft at injection to a biased aiming point with 
a closest approach distance of approximately 55,000 km 
greater than needed. Similarly, the expected in-tolerance 
dispersions of the first maneuver implied a significant 
probability of requiring a second maneuver. 

The maneuver implementation for the Mariner V 
spacecraft was accomplished by storing the maneuver 
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command in the appropriate registers of the CC&S; and, 
at the proper time, the signal was sent to execute these 
commands. Upon receipt of this signal, a gyro-warmup 
period started, followed by the pitch turn, roll turn, and 
motor burn. Table 111-2 shows the relative timing of 
each of these events. 

The pitch and roll turn registers were counted down by 
a 1-pulse/s wave train. (Although the nominal turning 
rate was 0.18 deg/s, the latest telemetry measurements 
made it possible to compute the turn duration from a 
best estimate of turning rates.) The burn register was 
counted down by a 25-pulse/s wave train with every 
fifth pulse deleted. This mechanization permitted efficient 
use of circuits elsewhere in the spacecraft. Although the 
nominal acceleration was approximately 1 m/s2, compu- 
tation of the burn duration from a best estimate of motor 
performance was based upon the latest telemetry 
measurements. 
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Table 111-1. Geocentric characteristics of Mariner V trajectory 

Characteristics 

Parameter 

Radial distance R, km 

Inertial velocity V, km/s 

Eorth-fixed velocity v, km/s  

Geocentric latitude +, deg 

Longitude 8, deg 

Right ascension 0, deg 

Path ongle of inertial velocity r, deg 

Azimuth of inertiol velocity 2, deg 

Path angle of earth-fixed velocity Y, deg 

Azimuth of earth-fixed velocity (I, deg 

Time of event T ,  GMT 

Hyperbolic orbital element 

Semimajor axis a, km 

Eccentricity e 

Inclination to earth's equator i, deg 

longitude of ascending node n, deg 

Argument of perigee w, deg 

Perigee distance p, km 

Time of perigee passage T, GMT 

Pre-encounter, 
injection 

June 14, 1967 

6569.6304 

11.4001 28 

10.989368 

-4.6930562 

351.53082 

349.55227 

1.8980037 

119.97742 

1.9689745 

121.22208 

06:24:37.100 

June 14, 1967 

-46,261.501 

1.1418646 

30.308785 

161.47921 

185.77009 

6562.871 3 

06:24:01.322 

a. Constraints. A number of essential constraints were 
:onsidered in the design of a maneuver for the Mariner V 
spacecraft. The constraints were divided into two cate- 
gories : (1) Hard constraints that were physically impos- 
sible to violate without serious mission degradation; and 
(2) soft constraints that could have been violated when 
necessary at the risk of possible mission degradation. 
Volume I of this report contains a brief discussion of how 
the constraints were considered by the midcourse ma- 
neuver operations program and the operational personnel. 

The hard constraints were: 

(1) The required velocity must not exceed the capa- 
bility of the propulsion system. 

(2) The spacecraft must not be pointed within a cone 
half angle of 1.5 deg that exists about the initial 
pitch axis. This constraint is discussed in greater 
detail in another report (Ref. 23). 

Pre-encounter, 
postmidcourse 

June 19, 1967 

1,58 1,614.7 

2.9906291 

1 1  2.96141 

- 1 1.661 170 

245.89289 

140.461 05 

89.329033 

61.8171 87 

1.51 69653 

270.008 39 

23:08:20.650 

June 14, 1967 

-47,2 28.659 

1.0783954 

30.315918 

161.1 2906 

179.05761 

3702.5079 

06: 14:55.037 

Encounter 

Oct 19, 1967 

79,764,369 

25.350066 

5767.1 726 

6.0399302 

230.61 465 

161.85034 

40.868340 

117.0131 1 

0.1 64791 12 

269.91 349 

17:34:55.84 1 

(3)  Because of the CC&S logic design, each turn must 
be less than 237.6 deg. 

(4) In the late maneuvers, the pitch turn must be 
limited to avoid overheating parts of the space- 
craft that are normally shadowed because of the 
proximity of the sun. 

A problem arising as a resuIt of any of these con- 
straints would be solved by either modifying the ma- 
neuver slightly, with a resulting change in the encounter 
parameters, or by changing the date when the maneuver 
would be performed. 

The soft constraints were: 

(1) The earth-spacecraft, low-gain antenna angle shall 
not exceed 90 deg at any time during the turns. 
This is to maintain telemetry and command capa- 
bility throughout the maneuver. 
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Table 111-2. Midcourse maneuver sequence 

5.8 

16.556 

54.38 

71.94 

Time 

7.8 9.8 11.8 13.8 15.8 

16.447 16.441 16.515 16.657 16.859 

57.01 59.48 61.81 64.01 66.08 

71.10 70.30 69.53 68.80 68.13 

t. 

t b  = t. + 59.5 
20.5 m i d  

Event 

Injection 
Achieved 
Desired 

Maneuver 
Achieved 
Desired 

t d  = t ,  + 22.0 min 
Aiming point 

B R, km B * T, km T f ,  days 

- 65,343 81,483 126.2451 
-54,275 87,414 127.191 1 

- 14,855 24,278 126.81 52 
- 12,761 2 1,738 126.8333 

t ,  = t, + 102.36 s 

Event description 

Time at which maneuver execute was enabled. 
Gyro-warmup period began. 

Time at which sun and Canopus sensors relin- 
quished AC and pitch turn started with 
polarity and for duration as commanded. 
After pitch turn was completed, spacecraft 
was inertially stabilized until CC&S register 
was counted out completely. 

Time at which roll turn started with polarity 
and far duration as commanded. After roll 
turn was completed, spacecraft was inertially 
stabilized until CC&S register was counted 
out completely. 

Time at which motor was ignited to burn for 
length of time commanded. After burn was 
completed, spacecraft was inertially stabil- 
ized until CC&S register was counted out 
completely. 

Sun- and Canopus-acquisition phase (began as 
at injection). Spacecraft was in cruise-phase 
orientation after acquisition. 

"This k 0 . 5  min i s  the a priori uncertainty in the gyro-warmup period. When the 
commands are sent, the phasing between the controlling pulse train and trans- 
mission time is known to the order of tenths of seconds. 

(2) Neither turn may end within the region of the 
low-gain antenna pattern where the interferometer 
effect is present. 

(3) The roll turn shall not exceed 180 deg to allow 
time to ascertain that the turns are correct before 
it is too late to inhibit motor ignition. 

(4) The maneuver will be performed during a Gold- 
stone pass while a high-rate telemetry is still pos- 
sible. 

(5) The turns shall be limited to avoid having the sun 
come close to the field of view of the various 
sensitive instruments, such as the UV photometer, 
the terminator sensor, and the Canopus sensor. 

When possible, each of these constraints is honored. 
However, the constraints may be violated when nec- 
essary. Under normal conditions, the soft constraints are 
not expected to degrade the mission. 

b. In-flight results. A number of possible maneuvers 
were studied to find variations that would lead to a 
"best" maneuver. One important result of this study was 
the observation that the maneuver parameters showed 

Table 111-3. Midcourse-maneuver parameter 
sensitivity to time 

Parameter 

V ,  m l s  

Pitch turn, deg 

Roll turn, deg 

Table 111-4. Desired-vs-achieved injection and 
maneuver results 

very little sensitivity to the time when the maneuver 
was performed, as indicated in Table 111-3. 

These results are based on an aiming point of 
B = 24,250 km, e = -29 deg, and an arrival time of 
18:OO GMT on October 19, 1967. 

Only one maneuver was performed on the Mariner 
Venus 67 mission. Although the execution errors asso- 
ciated with this maneuver were larger than expected, 
the achieved postmaneuver encounter parameters were 
considered acceptable, and the second maneuver was 
not used. Table 111-4 indicates the results of the injection 
and maneuver. 

The final-maneuver calculation was performed on 
June 18, 1967, based on the best estimate of the orbit at 
that time. It was determined that a maneuver existed 
that satisfied all constraints. The commands were trans- 
mitted to the spacecraft at 21:23:57 GMT on June 19, 
1967. Motor ignition occurred at 23:08:03 GMT. Table 
111-5 shows the computed and commanded maneuver 
parameters, and the best estimate of the values actually 
achieved. The difference between the computed and 
commanded values is a result of the quantizing of the 
commands. The difference between the commanded and 
achieved values is because of maneuver execution errors. 
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Table 111-5. Computed- and commanded-vs-achieved 
midcourse maneuver performance 

Longitude of ascending 
node n, deg 

Parameter 

Computed 

Commanded 

Best estimate of 
achieved value 

Estimated errar 

A priori standard 
deviation 

Error in a priori 
standard deviations 

81.968201 

55.35 71.02 

55.267 70.946 

55.1 2 70.63 

0.15 

0.7 

0.32 

0.7 

021 I "  0.46 

Velocity, m/s 

16.127 

16.135 

15.412 

0.723 

0.121 (0.75%) 

Table 111-6. Heliocentric orbital elements of 
Mariner V spacecraft frajectory 

Elliptical orbital element 
Pre-encounter 

orbit 

Semimajor axis a, km 

Eccentricity e 

Inclination to ecliptic i, deg 

1 Oct 28, 1967 

129,733,170 

0.17436497 

2.696831 1 

Argument of perihelion 
w, deg 

Perihelion distance p, km 

Time of perihelion 
pabrage T, GMT 

Period P, days 

350.65626 

107,112,250 

10:45:37.572 

294.97604 

~ ~ 

Postencounter 
orbit 

Jan 4, 1968 

98,3 1 3,649 

0.1 1 84921 7 

1.3733747 

114.58310 

91.603240 

86,664,251 

08:59:27.189 

194.59467 

Even though the spacecraft limit-cycle position is not 
predicted for maneuver calculations, the telemetered 
values were used for the performance error analysis. 

The estimates of the achieved values were obtained 
by using the postmidcourse orbit, as determined by the 
orbit-determination program after about 1 mo of post- 
maneuver tracking, and by running the midcourse ma- 
neuver program to compute the maneuver parameters 
required to achieve that orbit. These computations 
showed the turns to be very accurate, but a significant 
error existed in the velocity magnitude. The B * R  and 
B * T values achieved by the maneuver lie very near to 
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'1 /'RADIAL DISTANCES , I I A' ARE IN KILOMETERS ,/ 
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60- 
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Fig. 111-3. Midcourse-maneuver results 

the straight line connecting the achieved injection aim- 
ing point and the desired maneuver aiming point as 
shown in Fig. 111-3. The result was an acceptable en- 
counter geometry. If a miss of the same magnitude had 
been aligned perpendicular to the radial direction, the 
spacecraft would have been either at the edge of the sun 
occultation or the Canopus interference regions, and a 
second maneuver would have been performed. 

Figures 111-4 through 111-9 present curves of earth- 
spacecraft distance, celestial latitude, celestial longitude, 
heIiocentric distance, Venus-spacecraft distance, and 
cone and clock angles of earth as functions of time from 
launch to the end of 1971. The heliocentric character- 
istics of the Mariner V orbit are shown in Table 111-6. 

During the interplanetary phase of the flight, several 
orbital computations were made covering the period 
from June 19, 1967, when the midcourse maneuver was 
performed, to October 19, 1967, when the encounter 
with Venus occurred. These computations stabilized 
very early in the flight of the Mariner V spacecraft, and 
the predicted near-Venus orbit did not change by any 
considerable amount. The Venus-centered orbital char- 
acteristics of the Mariner V trajectory, as predicted dur- 
ing the interplanetary portion of the flight, are listed in 
Table 111-7. 
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DATE 

Fig. 111-4. Spacecraft distance from earth, launch through 1971 
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Fig. 111-6. Spacecraft celestial longitude, launch through 1971 

1967 1 1968 I 1969 

'1 1970 
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Fig. 111-7. Spacecraft distance from sun, launch through 1971 
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DATE 

Fig. 111-8. Spacecraft distance from Venus, launch through 1971 

3. Postmidcourse maneuver cruise phase. Following 
the midcourse maneuver, the spacecraft reacquired the 
sun and Canopus, and returned to the cruise mode. At 
this time, the spacecraft was moving primarily under the 
gravitational influence of the sun in an ellipse with 
the sun at the focus. During the early portion of the 
cruise phase, the heliocentric velocity of the spacecraft 
was less than that of the earth, causing the spacecraft to 
trail the earth for several days around the sun. How- 
ever, as the Mariner V spacecraft began moving closer 
to the sun, the spacecraft accelerated and eventually 
caught up with the earth and passed it. 

4. Encounter phase. The Mariner V spacecraft ap- 
proached Venus along the leading edge and from out- 
side the orbit of the planet. At approximately 3.3 min 
before the closest approach, the radio signal was lost as 
the spacecraft was occulted behind Venus. While the 
spacecraft was behind the planet, the antenna position 
was switched automatically from its original position by 
a sensor that triggered the mechanism when it saw the 
planet terminator approximately halfway through the oc- 
cultation. The new antenna position compensated for 
the trajectory bending near the planet. Otherwise, the 
antenna beam would have been displaced from its ideal 
position during emergence from occultation. As a result, 

the chances of a rapid reacquisition of the signal as it 
passed through the atmosphere of Venus coming out of 
occultation were enhanced. 

Tracking data gathered and analyzed during the en- 
counter sequence indicated that the Venus encounter 

Table 111-7. Venus-centered orbital elements of 
Mariner V spacecraft trajectory 

Hyperbolic orbital element 

Semimajor axis a, km 

Eccentricity e 

Inclination to ecliptic i, deg 

longitude of ascending node 

0, deg 

Argument of periapsis w, deg 

Periapsis distance p, km 

Time of periapsis passage T,  
GMT 

Pre-encounter 
prediction 

Oct 19,1967 

-34,825.175 

1.291 7091 

32.001 963 

34 1.30976 

152.82175 

10,158.819 

17:34:22.823 

Actual Venus 
encounter orbit 

Oct 19,1967 

- 34,8 24.285 

1.2914715 

31.700211 

341.1 9472 

152.92873 

10,150.288 

17:34:55.841 
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Fig. 111-9. Clock and cone angles of earth, launch through 1971 
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Fig. ill-10. Encounter velocities and altitude 

trajectory predicted during the cruise portion of the 
flight did not differ significantly from the observed en- 
counter trajectory. The Venus-centered characteristics of 
the Mariner V spacecraft trajectory determined from 
encounter data are given in Table 111-7. A plot of the 
encounter velocities and altitude is shown in Fig. 111-10 
with respect to the closest approach epoch of 17:34:55.8 
GMT on October 19, 1967. 

5. Postencounter phase. When the spacecraft left the 
vicinity of Venus, the gravitational pull of the planet 
altered the heliocentric orbit of the spacecraft, changing 
the perihelion distance from 107,112,250 to 86,664,251 
km. The changes in other elements of the trajectory are 
shown in Table 111-6. 

The Mariner V spacecraft returned for a close pass 
at earth on October 27, 1968, when it approached within 
38,995,000 km. The spacecraft will return to the vicinity 
of earth approximately every 14 mo. The next time the 
Mariner V spacecraft will return close to Venus will be 
at the end of October 1975. The closest approach dis- 
tance to Venus will be 4,300,000 km. The heliocentric 
characteristics of the Mariner V spacecraft postencounter 
trajectory are shown in Table 111-6. The trajectories of 
the Mariner IV and the Mariner V spacecraft are illus- 
trated in a heliocentric plan view of the ecliptic in 
Fig. 111-11 (see Figs. 111-4 through 111-9 for plots of the 
postencounter celestial latitude, celestial longitude, helio- 
centric distance, earth-spacecraft distance, Venus- 
spacecraft distance, cone angle of earth, and clock angle 

of earth). Figure 111-12 shows the plots of the cone angle 
of Canopus from launch through 1971. 

8. Orbit Determination 

1.  Tracking data coverage. The primary Deep Space 
Instrumentation Facility (DSIF) tracking data type is 
two-way, phase-coherent doppler data. A functional block 
diagram of the standard DSIF doppler system is shown 
in Fig. 111-13. During the mission, the doppler digital 
resolver became fully operational throughout most of 
the network with the exception of Deep Space Station 
(DSS) 51. This subsystem provided a means of correct- 
ing the doppler count for the non-integer number of 
cycles between sampling times. The doppler digital re- 
solver demonstrated its effectiveness by reducing either 
the high-frequency noise or the doppler data by more 
than an order of magnitude. 

The Mariner Venus 67 mission provided the first op- 
portunity to employ the Mark IA ranging system at 
ranges substantially greater than the distance of the 
moon. Mark IA ranging data were taken from just after 
the midcourse maneuver on June 19, 1967, until system 
threshold was reached on July 6, at a distance of 
5.8 X loe km. A total of 10,400 ranging points were 
taken. The Mark IA ranging system was used to provide 
time correlations between DSIF stations via both the 
Mariner V and the operational Lunar Orbiter spacecraft. 

During the latter part of the mission, the planetary 
ranging subsystem (PRS) became operative at DSS 14. 
PRS data were taken during the approach phase to the 
planet and in close proximity to Venus on either side of 
the closest approach time.. After encounter, PRS measure- 
ments were made to distances in excess of 110 X loG km. 

Another innovation introduced during the Mariner 
Venus 67 mission was the use of the pseudo-residual 
program for real-time tracking data monitoring. This is 
a 7044 program that compares any of the various track- 
ing data types with their corresponding computed values 
from the Deep Space Network predict program (PRDX), 
and outputs observed-minus-predicted quantities and 
noise estimates. Although a number of problems invali- 
dated much of the noise computations, the program 
proved a valuable aid in detecting and diagnosing DSIF 
hardware problems quickly. A modification of the pro- 
gram was used to provide real-time plots of the at- 
mospheric effects for the occultation experiment. 
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Fig. 111-1 1. Heliocentric plan view of Mariner IV and Mariner V spacecraft 
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Fig. 111-1 2. Cone angle  of Canopus, luunch through 1971 

a. Description. During the nonpowered transfer flight 
period between 06:29 GMT on June 14, and 23:07 GMT 
on June 19, essentially continuous tracking coverage was 
obtained by DSSs 11 (Goldstone Pioneer), 41 (Woomera), 
42 (Canberra), 51 (Johannesburg), and 61 (Madrid). 
Deep Space Stations 41 and 51 participated only briefly 
in the early phase of the period. The data types used in 
determining the orbit of the spacecraft were: 

(1) Hour angle, declination (HA-dec). This data type 
is the pointing angle of the tracking antenna in 
degrees, and was used only in the very early orbits. 

(2) S-band phase-coherent counted (two-way) doppler 
(CC3). This is a measure of the topocentric radial 
velocity of the spacecraft, and is the prime orbit 
data type. Units: 1 m/s 'v 15.3 Hz. 

b. Summaries. Angle data were obtained only until 
07:03:57 GMT, approximately 40 min after injection into 
transfer orbit. The angles from DSS 51 were biased 
until this time, when it was discovered that the antenna 
had been tracking on a side lobe. Consequently, several 
orbits were corrupted by these biased angles. The DSS 42 
angles in two early real-time orbits were effectively 
biased by an incorrect DSS latitude used in the compu- 
tations of these orbits. 

c. Controlled roll data. The spacecraft was in a con- 
trolled roll until approximately 22:50 GMT on June 14. 
Because the antenna is offset from the center of gravity 
at the spacecraft, a sine curve resulted in the observed 
computer-doppler residuals with the amplitude of ap- 
proximately 0.02 Hz. This may be seen in the DSS 11 
residual curve of Fig. 111-14. 

d. Time resolver doppler. Normally, doppler cycles 
are counted to the nearest cycle at a fixed sample rate 
under control of the station clock. However, for this 
mission, DSS 11 used a special device for incrementing 
the sample time to the exact time of zero phase delay 
between transmitter and receiver. This operation has 
the advantage of eliminating counter-truncation error. 
As an example, DSS 11 doppler achieved a standard 
deviation of 0.00234 Hz for six 600-s points and two 
hundred thirty-three 60-s points. This compares favor- 
ably with a similar pass of DSS 42 doppler in the same 
orbit, with the standard deviation of 0.00460 Hz for 
two hundred twenty-two 60-s samples. Only DSS 11 
used a time-resolver device in the premaneuver phase 
of the mission. 

2. Premaneuver orbit determination results. 

a. Orbit state vector. The JPL orbit determination pro- 
gram (ODPM) used a weighted least-squares technique 
for estimating up to 20 parameters and forming up to 
a 20 X 20 covariance matrix. The first 12 premaneuver 
orbits, through 19:38 GMT, June 15, 1967, estimated 
geocentric equatorial position and velocity of the space- 
craft only, with a corresponding 8 X 6 covariance ma- 
trix. Of these early orbits, the first three were degraded 
by biased angles, as previously mentioned. These orbits 
were based on one-way data. If two-way lockup had 
been achieved during the first hour after liftoff, the 
angle data biases would not have distorted these orbits. 
Two-way doppler data, as well as ranging data, are most 
valuable when taken while the spacecraft is near the 
earth. Two epochs were used for starting the trajectory 
integration. Orbits using an epoch of 06h24n137:000 
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included data during the controlled-roll period, whereas 
orbits with an epoch of 22h00m00~000 did not include 
these data in the least-squares fit. 

0.100 

b. Target point. The ODPM has the capability of 
mapping the covariant matrix from epoch to the target 
planet at time of closest approach. These target param- 
eters are expressed in the B plane system (see Section I11 
of Volume I of this report for definitions). 

I I I I I 
DSS II RESIDUALS 

PASS NUMBER 60/001 

c. Solar-radiation pressure. The perturbable spacecraft 
acceleration, resulting from solar-radiation pressure, is 
modeled by 

kA 
mR2 AR = - (1 + yn)  

where 

R = the spacecraft-sun vector in km 

k = 1.031 X lo6, a solar-radiation constant 

A = spacecraft effective area normal to R (nominally 
6.60519 m2) 

m = spacecraft mass (nominally 245.71 kg) 

Y B  = reflectivity coefficient of the spacecraft (nomi- 
nally 0.40123054) 

Table 111-8 compares the premaneuver and postma- 
neuver solutions for Y R .  It is apparent that the span of 
tracking data available in the premaneuver solution is 

Parameter 

0.100 I I I I I I 1 
150 180 0 30 60 90 120 

TIME, rnin 
FROM 18154 GMT ON JUNE 14, 1967 

Fig. 111-1 4. Doppler residual during controlled roll 

not adequate for a strong solution, as the standard devi- 
ation has not significantly improved over the a priori 
standard deviation assigned to the nominal value. By 
contrast, the postmaneuver solution contains nearly a 
month of tracking data, including ranging data. As a 
result, the ranging data are particularly effective in this 
type of solution. 

d. Station locations. The ODPM is capable of estimat- 
ing tracking station locations to a high degree of pre- 
cision where sufficient doppler tracking data have been 
obtained. In the premaneuver phase of the mission, 
solutions were obtained for the locations of DSSs 11, 42, 
and 61. These are tabulated and compared with nominal 
values and postmaneuver solutions in Table 111-8. ( y  is 
the geocentric radius vector to the station, 4 is the geo- 
centric latitude, and A is the longitude). The systematic 

Table 111-8. Preliminary Mariner Venus 67 solutions for solar-radiation pressure, 
station locations, and geocentric equatorial state vectora 

aAt 23:08:20.650 GMT an June 19, 1967. 

Nominal 
postmaneuver, u 

0.401 23054 k0.0400 
5,206,353.3 k20.0 
243.15091 k0.00050 

5,205,341.6 k20.0 
148.98148 k0.00050 

4,862,604.5 fl8.7 
355.751 13 k0.00050 
- 1,194,559 23.2 

986,069.1 k3 .3  
-319,692.7 f8.5 
-2,280.931 f0.13 

7,842.512 k0.73 
-588.9205 k0.13 

ODPM 15 estimated 
postmaneuver, cr 

0.37740661 20.01 12 
5,206,327.1 23.5 
243.15070 k0.00018 

5,205,347.3 22.7 
1489.98141 k0.00018 
4,862,597.6 -.3 
355.751 14 *0.00018 

-1,194,553.1 k3 .2  
986.080.15 k3.3 

-319,678.29 k8.5 
-2,280,8194 k0.0067 

1,842.7422 k0.0071 
-588.241 14 k0.00567 

Difference of 
postmaneuver - 

premaneuver 

Estimated 
premaneuver, u 

0.40864007 f0.0288 
5,206,331.4 26.3 
243.15101 k0.00015 

5,205,353.5 k6.0 
148.98174 kO.00015 

4,862,606.4 26.0 
355.75146 *0.00015 

- 1,194,557.7 23.2 
986,069.08 23.3 

-319,692.25 k8 .5  
-2,280.1 899 k0.0065 

1,849.3605 k0.0057 
-574.33642 kO.01668 

-0,03123346 
-4.3 
-0.00031 
-6.2 
-0.00033 
- 8.8 
-0.00032 

4.6 
1 1.07 
13.96 

-0.6295 
-6.61 83 
- 13.90472 
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differences in longitude of about 0.0003 deg between the 
premaneuver and postmaneuver solutions are probably 
caused by the manner in which WWV-UT time differ- 
ences are represented in the orbits. However, the dif- 
ferences produce only an insignificant error at target. 
The cause of the systematic differences in r cos 9, the 
distance from the spin axis of the earth, is unknown. 
Also, these differences are very small (4.3-8.8 m). 

Velocity 
component 

A;, m/s 

A;, m /s 

A>, m / s  

Av, m /s 

3. Midcourse-maneuver analysis from radio tracking 
data. The Mariner V spacecraft was injected into its 
earth-Venus trajectory at 6:24:19.2 UT on June 14, 
1967. The nominal aiming point was designed to place 
the spacecraft 8165 km from the center of Venus on 
October 19, 1967. However, at injection, this aiming 
point was deliberately biased out to 75,000 km from the 
center of Venus to avoid any chance of impacting 
the planet. As a result, a midcourse maneuver was 
planned at the outset to achieve the nominal aiming 
point. The spacecraft had the capability for two ma- 
neuvers, but the second maneuver capability was con- 
sidered to be in the category of a backup procedure, 
which would be used only in case primary mission 
objectives were not achieved by the first maneuver. The 
second maneuver capability was not exercised during 
the Mariner Venus 67 mission. 

Nominalb post- 
premaneuver, u 

-0.73797 *.13 

-6.84993 k0.13 

-14.581550.73 

16.1 272 2 0 . 1  3 

Subsequent prbit determination after injection showed 
that the spacecraft would fly just within 76,000 km of 
the center of Venus in the absence of a maneuver. Ac- 
cordingly, a midcourse maneuver was planned and exe- 
cuted at 23:08:06 UT, June 19, 1967. The planned motor 
burn duration was 17.66 s and an additional velocity of 
16.1272 m/s was imparted to the spacecraft. The ma- 
neuver was to have put the spacecraft within 8200 km 
of Venus center at the closest approach on October 19. 
Telemetry and tracking data showed that the duration 

Table 111-9. Comparison of nominal and achieved 
maneuver velocity increments for Mariner V” 

Achieved post- 
premaneuver, (I 

-0.6295 k0.0093 

-6.6183 50.0098 

- 13.90472 k0.0176 

15.41 23 20.01 63 

of the motor burn was approximately nominal, and the 
direction of the impulse was within 0.5 deg of the nom- 
inal pointing angle. However, orbit determination soon 
indicated that the spacecraft would fly by Venus at a 
closest approach distance of not less than 10,000 km 
from the planet center, and that the velocity imparted 
to the spacecraft by the motor burn was 15.4123 t0.0163 
m/s rather than the planned 16.1272 t0.13 m/s. Be- 
cause primary mission objectives were not jeopardized 
by the new arrival point, it was decided not to execute 
a second midcourse maneuver. The following analysis 
shows how orbit determination can be used to analyze 
the magnitude and direction of the midcourse maneuver. 

The orbit-determination procedure involved a weighted- 
least-squares fit of approximately 1200 points of 600-s 
count-interval, two-way coherent doppler tracking data 
in the 5 days from injection to midcourse maneuver. In 
the 28-day period from midcourse to July 17, approxi- 
mately 2000 points of 600-s doppler data and 900 points 
of ranging data were included in the least-squares fit. 
The premidcourse least-squares solution was tabulated 
for the spacecraft velocity at 23:08:20.650 UT on June 19 
(without a maneuver). Actually, this time occurred during 
the motor-burn interval, but only premidcourse tracking 
data were used in the solution, and were designated 
“estimated premidcourse.” The next tabulation indicated 
“nominal postmidcourse”; i.e., the velocity that would have 
been achieved at this time had a nominal maneuver been 
executed. Lastly, the “estimated postmidcourse” tabulated 
the least-squares solution for velocity based on post- 
midcourse tracking data to July 17. It was then possible 
to compare the nominal maneuver with that actually 
achieved. Table 111-9 compares the velocity components 
and magnitudes of the nominal and achieved maneuvers. 

The comparison indicates that an error of 0.715 t0.016 
m/s was committed in the magnitude of the maneuver 
velocity increment. If a pointing error was not made, 
this may account for the achieved closest-approach dis- 
tance of 10,151 km, compared to the nominal value of 
8165 km radial distance. Furthermore, the pointing error 
of the maneuver thrust axis is easily calculated. The 
pitch and roll turns may be calculated as follows: 

pitch turn = arctan - (X) 

= 55.453 k0.062 deg 
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roll turn = - y - arccos - (A-IL) 
= 
5 
E 
4 
0 

Pitch 

Roll 

= 70.660 zkO.004 deg 
Premaneuver Com- Achieved 

- com- Corrected manded telemetry 
corrections, lachieved) turns' turns, manded turns, 

de9 de9 deg de9 

0.333 k0.020 55.120 20.065 55.267 -0.147 k0 .06  

0.028 20.014 70.632 f0.015 70.946 -0.314 fO.O1. 

where 

= 

fi v 

V = maneuver velocity 

i,j,k = unit vectors of premaneuver pitch, yaw, 
and roll axes 

= orientation of maneuver thrust axis to roll 
axis = 88.5 deg 

y = orientation of projection of maneuver 
thrust axis on pitch-yaw plane from pitch 
axis = 45 deg Total achieved - 

nominal pointing 
error, deg 

Nominal, Achieved, 
de9 deg 

u The pitch and roll uncertainties were obtained from 
a computer program that makes use of the 3 X 3 velocity 
covariant matrix of All., Ay, A i .  The unit vectors used in 
the above calculations assume the AC error to be zero. 
Table 111-10 shows the corrections indicated by limit- 
cycle telemetry and the commanded values of the turns. 

Pitch 

Roll 

Thus, errors of about 0.3 deg were made in execution 
of the turns. However, the actual errors must include 
the effects of AC displacement. It is obvious that the 
execution and displacement errors partially cancel. An 
additional limitation on the system is imposed by the 
command-pulse system used to fire the gas jets. This 
system limits the turn duration to an integral number of 
seconds. As a result, the commanded turns differed from 
the nominal turns. Table 111-11 shows the nominal turns 
and the total achieved minus nominal pointing error, in- 
cluding AC contribution. This result is directly measured 
to a high degree of accuracy by orbit determination. 

55.350 55.453 k0.062 304.0 304.46 0.103 20.062 

71.025 70.660?0.004 380.0 380.43 -0.365 20.004 

If subscripts denote achieved and nominal velocities, 
and 3 is the total angle of the achieved thrust axis from 
the nominal thrust axis, then 

' vx ' = 0.007062989 
V A  VN $ sin$ = 

9 = 0.405deg 

This pointing error can contribute only about 300 km 
in closest approach distance. The remaining 1700-km 
error is caused entirely by the magnitude of the velocity 
being in error by 0.714 ~ ~ 0 . 0 1 6  m/s. 

Table 111-10. Commanded-vs-achieved attitude- 
control performance 

Table 111-1 1. Nominal-vs-achieved attitude- 
control performance 

1 I I I I I 

4. Cruise orbit-determination results. 

a. Tracking data types. The types of tracking data 
'used are described in the paragraphs that follow. 

Ranging data. In addition to the angular and doppler 
data described earlier, two types of ranging measure- 
ments were performed during cruise. These were per- 
formed with the Mark IA system at the DSS sites shown 
in Table 111-12 and with the Mark I1 ranging system at 
DSS 14 (Goldstone Mars). Mark IA range units (RU) 
are defined as follows: 

where 

P D ~ I F  = measured round-trip interval in RU 

At = round-trip light time in seconds 

f q  = transmitter reference frequency 

E = time delay in seconds from station 
equipment, spacecraft transponder, 
and intervening space plasma- 
ionospheric medium 

N 22 MHz 

785762208 RU = code length of system 
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Table 111-12. Mark IA ranging data obtained during 
Mariner Venus 67 mission 

Location 

Cebreros 

Goldstone Pioneer 

Tidbinbilla 

Woomera 

Goldstone Echo 

Robledo 

Start 
date 

(1 967) 

7/06 

6/20 

6/24 

6/21 

6/30 

6/20 

stop 
date 

(1 967) 

7/06 

6/29 

7/06 

6/22 

7/02 

6/29 - 

No. of points, 
sampling 

inkrval 60 s 

48 

2390 

3031 

71 4 

1503 

2720 

The Mark IA ranging system is limited to an effective 
one-way range of about 5.8 X lo6 km, attained on 
July 6, 1967, as shown in Table 111-12. 

The Mark I1 (planetary) ranging system at DSS 14 
(Goldstone-Mars) measures the round-trip delay directly 
in nanoseconds. The code length of the equipment is 
1.00947/1.0002 s, hence 

1.00947 X 
1.0002 Pplanetary  = [lo-' (At  + E)] mod 

With the use of the Mark I1 equipment and the 210-ft 
antenna at the Mars site, Mark I1 ranging measurements 
may be made to planetary distances, as the name of the 
data type implies. During the Mariner Venus 67 mission, 
approximately 7000 points of 60-s sampled planetary 
ranging data were obtained between July 21 and Novem- 
ber 20, 1967. 

Tracking data statistics. Table 111-13 shows the man- 
ner in which ranging data noise increases as a function 
of range when processed by the single precision orbit 
determination program (SPODP). 

Statistics are given for individual passes of tracking 
data on the days shown, where p is the one-way spacecraft 
range in meters, and standard deviations on planetary 
RU and RU have been converted to up. The last column 
shows that eight-place accuracy is being retained in the 
computations, which is all that may be expected of a 

single precision program with a floating-point word 
length of 27 bits. 

Doppler residuals do not display large numerical 
truncation and round-off as a function of range, but are 
limited by single precision and by the stability of the 
reference frequency standard over the light-time inter- 
val. Table 111-14 shows a sample of cruise doppler 
residual statistics reduced by SPODP. These data have 
been averaged over 10-min intervals to reduce the total 
number of points to a manageable level. These statistics 
reflect the precision of the least-squares fit over a long 
arc (3 mo). Also, Table 111-14 gives combined ranging 
statistics through July 28, 1967. The degradation from 
fitting a long arc is more apparent here than in the 
individual-pass statistics of Table 111-13. As a result, 
individual passes are biased differently, partly from 
single precision truncation and partly from the nature of 
the least-squares fitting process. 

b. Cruise solutions for physical constants. The cruise 
solutions for physical constants are described in the 
paragraphs that follow. 

Solar-radiation pressure. During cruise, continuous 
least-squares estimates were made of y B ,  the solar- 
radiation pressure coefficient defined in the first para- 
graph under the subtitle Cruise solutions for muss of 
moon, below. Figure 111-15 shows the time history of 
these solutions. The solutions are consecutively identified 
by orbit number. There appears to be a distinct trend 
towards lower pressure with increasing time. The phys- 
ical interpretation of this phenomenon could be that an 
actual degradation of the total reflectance of the space- 
craft took place during cruise. For instance, temperature 
monitoring of the bus indicates that the absorptance of 
the bus radiation shield may have increased approxi- 
mately 30% through UV darkening. 

This would cause a corresponding decrease in reflec- 
tivity of the shield that could account for a decrease in 
ys of up to 0.007. In addition, there is the possibility of 
a decrease in specularity of the shield that could cause 
a decrease in yB of as much as 0.028. As seen in Fig. 
111-15, the observed change in ye is on the order of 0.06, 
which is nearly twice as much as the maximum combined 
effect of the explanations noted above. Because the 
standard deviations on the orbit solutions for yB are 
typically less than 0.01, it is likely that the effect is real. 
The use of ranging data, in particular, add great strength 
to the cruise solutions. However, the possibility remains 
that the observed effect is at least partially caused by a 
small force other than solar-radiation pressure. This 
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Table 111-13. Summary of ranging data noise increases 

Day Up1anetary BU up, m Prn uP,P Date 1967 

0.1 8E10 

0.68E10 

1.00E10 

1.03E10 

1.19E10 

6.25El0 

6.78El0 

103 

492 

628 

654 

730 

3580 

5600 

0.83E-8 

1 .O9E-8 

0.94E-8 

0.95E-8 

0.92E-8 

0.86E-8 

1.23E-8 

DSS 1 1 and 12 RU residuals (standard deviation) I 

172 

191 

203 

204 

209 

2 79 

283 

172 

173 

174 

175 

177 

178 

179 

180 

11 

6/21 

7/10 

7/22 

7/23 

7/28 

10106 

10/10 

6/21 

6 /22  

6 /23  

6/24 

6/26 

6 /27  

6/28 

6 /29  

187 

15 

74 

94 

98 

110 

537 

840 

716 53 0.58E10 0.91 E-8 

I 

187 716 61 0.58E10 1.05E-8 

20 

26 

30 

36 

37 

40 

41 

62 

43 

45 

0.18E10 

0.21E10 

0.24E10 

0.27E10 

0.30E10 

0.33E10 

0.36E10 

0.39E10 

0.42E10 

0.45E10 

1.1 1 E-8 

1.24E-8 

1.25E-8 

1.33E-8 

1.23E-8 

1.21E-8 

1.14E-8 

1.59E-8 

1.02E-8 

1.00E-8 
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Table 111-14. Sample of cruise doppler residual statistics 

DSS 

11 

12 

14 

41 

42 

61 

62 

rotais 

Coherent-counted two-way doppler residuals by station (cruise data, T ,  = 600 5)’ 

No. of rms, 
points H Z  

422 0.00348 

255 0.00400 

165 0.00433 

31 1 0.00368 

770 0.003 1 2 

83 1 0.004 1 1 

172 0.00473 

2926 0.00378 

Pr 
mm/s 

-0.0258 

-0.0233 

-0.0638 

-0.0291 

-0.0498 

-0.0446 

-0.01 03 

-0.0389 

First moment, 
Hz 

-0.000395 

-0.000356 

-0.000976 

-0.000452 

-0.000762 

- 0.0006 8 2 

-0.0001 58 

-0.000595 

U, 

mm/s 

0.226 

0.260 

0.275 

0.239 

0.1 97 

0.265 

0.309 

0.244 

U. 
wz 

0.00346 

0.00398 

0.00421 

0.00365 

0.00302 

0.00405 

0.00473 

0.00373 

DSS 

14 

rms, 
mmls 

0.227 

0.261 

0.283 

0.241 

0.204 

0.269 

0.309 

0.247 

No. of 
points rms, ns P, ns u, ns rms, m P, m u, m 

847 868.9 -433.4 753.1 130 -65 113 

rms, cycles 

45.4 

52.6 

59.4 

55.3 

49.9 

59.5 

51.6 

Planetary RU residualsb 

P, cycles 

0.251 

-30.1 

54.1 

- 17.5 

0.255 

- 10.5 

-3.2 

Pr m 

0.3 

-31.0 

57.0 

-18.0 

0.3 

-11.0 

-3.0 

DSS 

11 

12 

41 

42 

61 

62 

rota1 RU 

u, m 

4 7  

45 

26 

55 

52 

61 

54 

No. of 

points 

240 

65 

74 

298 

285 

6 

968 

u, cycles 

45.4 

43.1 

24.4 

52.4 

49.9 

58.6 

51.5 

rms, m 

47 

55 

62 

58 

52 

62 

54 

“Data span i s  June 19-Sept. 16, 1967. 
bThrough July 29, 1967. 
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Fig. 111-1 5. Mariner V cruise solution for solar-pressure coefficient 
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could result from a systematic decoupling of the AC 
gas-jet torques, which could, in turn, result from such 
problems as temperature differential between the sunlit 
jets and the shaded jets. A discussion of the AC telem- 
etry measurements is contained in Subsection VI-F of 
this report. 

between data spans respectively incorporating 2 and 3 
mo of data. Although this phenomenon has not been 
explained, it is probably related to ephemeris errors of 
the earth-moon barycenter. Over the cruise interval, 
three relatively uncorrelated parameters, solar-radiation 
pressure, tracking station longitudes, and the moon/earth 
mass ratio show a marked decrease. If a representa- 
tive value were to be given for the real-time cruise 
solutions for GMa, it would have to be between the two 
extremes of 4902.86 and 4902.68 km3/s2. A realistic eval- 
uation of the real-time results yields GMa = 4902.77 k O . 1  
km3/s2. Because all Mariner V solutions assume a value 
GMa = 398601.33 kni3/s2, the corresponding real-time 
estimate of p-l is 81.30125 k0.00166. 

Station locations. Least-squares estimates of station 
locations based on postmidcourse maneuver tracking 
data are shown in Figs. 111-16 and 111-17. The a priori 
standard deviation for spin axis distance rs  and longitude 
A are &r", = 24 m, 07 = 50 m. These were reduced to 
the mean pole of 1900-1905. Figure 111-16 shows the 
solutions for perpendicular distance off the spin axis of 
the earth, and the associated standard deviations (plotted 
as vertical bars). In general, the solutions are consistent 
to k 5  m. 

- 
cruise data for the Mariner celestial mechanics experi- 
ment. These results seem to indicate a value of GM, = 

This value is remarkably close to the Mariner ZI mass 
ratio, and is in good agreement with the Mariner IV 
value. 

Figure 111-17 plots the Mariner V spacecraft cruise 

The salient feature of these solutions is the 25- to 30-m 
difference between early and late cruise solutions. The 
high values obtained shortly after the midcourse ma- 
neuver tend to be in good agreement with the longitude 
obtained before the maneuver, whereas the late cruise 
solutions tend to be close to those obtained during 
encounter. Runs up to post 14 did not represent WWV- 
UT timing differences, whereas later runs used a poly- 
nomial representation of these differences. The timing 
error caused by making WWV-UT = 0 was about 
-10 ms on June 19, or 4 m in longitude. The remaining 
differences are probably because of earth-sun ephemeris 
errors. 

longitude reduced to the pole Of 4902.81 20.5 km3/S2, p-l = 81.30059 +0.00083. 

Cruise solutions for mass of moon. Figure 111-18 shows 
the lunar gravitational constant solutions based upon 
the combined Ranger missions (Ref. 24), Mariner 11 
(Ref. 25) and IV (Ref. 26), and Mariner V in real time. 
The low Ranger result, GMC = 4902.6493 km3/s2, was 
obtained by measuring the effect of the lunar gravity 
field on spacecraft acceleration. The Mariner results, by 
contrast, measured the barycentric motion of the track- 
ing station over the long cruise interval and determined 
the earth/moon mass ratio, assuming a known value for 
the earth-moon distance from opticaI and radar observa- 
tions. The Mariner ZZ result of GMa = 4902.8442 km3/s2 
is based upon the Ranger earth-gravitational constant, 
GM, = 398601.27 km3/sz, yielding a mass ratio p-l = 
81.3000 +0.0011. The Mariner IV value also uses the 
Ranger GM, to obtain p-l = 81.30147 ~0 .0016  from 
GMa = 4902.756 k O . 1  km3/s2. The real-time Mariner V 
solutions shown in Fig. 111-18 display a sharp break 

The gravitational-constant values given in Fig. 111-19 
reffect the result of an effort to estimate physical con- 
stants, including GMa, by careful post-processing of the 

c. Target parameters from cruise solutions. Target 
parameters in terms of time from closest approach and 
B-plane target point are discussed below. 

Time of closest approach. Figure 111-20 shows the 
cruise orbit estimates of time of closest approach to 
Venus. As in Fig. 111-15, these are labeled by orbit num- 
ber in order of increasing time. The solutions cluster 
around 17:35 UT on October 19, 1967. The actual en- 
counter time was 17:34:55 UT, which demonstrates that 
the cruise solutions were free from detectable systematic 
errors in the flight-time parameter. 

B-plane target point. A standard measurement of tra- 
jectory aiming point is the position of the incoming 
asymptote in the B-plane; i.e., in the plane normal to the 
asymptote and passing through the center of the target 
planet. Figure 111-21 shows the predicted aiming points 
from cruise orbit determination in planet-centered 
B-plane components B R and B * T, where T is in the 
ecliptic pIane and R is normal to T. The solutions appear 
to cluster randomly about B R = - 14,830 km and 
B O T  = 24,270 km. They are noticeably offset on the 
plot from the current postencounter solution of B R = 
14,761.9 +1 km, B T = 24,334.3 21 km. Probably, the 
offset of about 100 km is mainly attributable to earth- 
Venus ephemeris errors, station-location, and timing 
errors. 
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Fig. 111-16. Cruise-data estimate of station location, distance off spin axis 
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Fig. 111-1 7. Cruise-data estimate of station location, geocentric longitude 
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Fig. 111-1 8. lunar gravitational constant GMp estimate 
from combined Ranger and Mariner If, IV, and V data 

4903.01 I 

orbits were in the direction normal to the B vector. 
Thus, the solutions line up very nearly along a line 
normal to B in the R T planes shown in Fig. 111-23. The 
total variation amounts to either 900 km or 1.8 deg, 
measured from planet center. This is in good agreement 
with uncertainties predicted by prelaunch studies. The 
major error source seems to be numerical instability in 
the station-location and Venus-ephemeris solutions. Some 
of the numerical difEiculties are discussed in more detail 
in Subsection B-5-e. The current best estimate based upon 
10 days of encounter tracking data is shown in Fig. 
111-23. The systematic offset of the solutions from the 
current value is approximately 100 km, which is much 
smaller than the total scatter. The systematic offset is in 
the opposite direction from the cruise solutions. The 
current values of B R = - 14,761.9 km, B T = 24,334.3 
km are known to t l  km. 

d.  Solution for astronomical unit. The radar value of 
149,597,900 t 1 0 0  km was adopted as an a priori starting 
value in the encounter runs. The solutions showed no 
tendency to significantly deviate from this value within 
the limitations of single precision, indicating three pos- 
sibilities: 

(1) The radar value is correct within +IO0 km. 

(2) Ephemeris errors in the range direction are within 
Fig. 111-19. lunar gravitational constant GMg estimate 

from Mariner V postcruise analysis 
*loo km. 

(3) The strength of the single-precision solution is not 
great enough to detect errors of the order of 
100 km. 

5. Real-time encounter orbit-determination results. 

a. Tracking data acquisition. During the period 
E-12 to E-t3h, eleven orbits were run on two 7044- 
7094 computer strings as tracking data were acquired in 
real time by the DSN. Figure 111-22 shows the tracking 
data distribution from E-5 to ES.5 days. The real- 
time encounter orbits used data from E-5 days to 
E+lh ,  the postencounter analyses made use of the full 
10 days. 

b. Orbit-estimation procedure. Orbits run on the prime 
computer string were labeled with a 10 prefix, whereas 
those run as backup support were given a 20 prefix. The 
prime runs estimated spacecraft trajectory, the astro- 
nomical unit (AU), and station locations. The backup runs 
estimated various combinations of parameters, including 
Venus ephemeris elements. 

c. Real-time encounter aiming point estimates. The 
primary excursions noted in the real-time encounter 

The latter possibility may be ruled out, as the ranging 
data are sufficiently powerful to establish the earth- 
Venus distance to better than ~ 1 0  km even in single 
precision, although the program cannot separate Venus 
ephemeris error in the range direction from error in the 
AU. The current best Mariner V AU solution yields 
149,597,904 k 4 4  km. 

e. Ephemeris error. Pre-encounter estimates of ephem- 
eris errors were hampered by low numerical stability and 
unfavorable partial derivatives. As a result, these solutions 
were not accurate to the requisite of 100 km as needed 
to define ephemeris errors. The planetary ephemeris used 
successfully for the mission was the very accurate JPL 
development ephemeris No. 24 using radar corrections 
to the older optical ephemeris. The current Mariner V 
solution for corrections to the development ephemeris 
No. 24 position of Venus a t  17:35:33.138 UT on 
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planetary ranging system used with the Mariner V space- 
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f .  Encounter station-location solutions. Figures 111-24 
and 111-25 show the Mariner V encounter solutions 
for station locations reduced to the pole of 1903.0. Solu- 
tions for distance off the spin axis of the earth r, are 
plotted by station number with associated standard de- 
viations in Fig. 111-24, whereas station longitudes x are 
plotted with their standard deviations in Fig. 111-25. 
Assumed a priori standard deviations were the same as 
for cruise, ??r8 = 24 m, = 50 m. The r, solutions 
exhibit very few systematic trends except for orbit 1026. 

7 1 the AU and ranging data were not included in the least- 

squares fit. Comparison of the other solutions with the 
data shown in Fig. 111-16 shows that the cruise, and 
encounter spin-axis distance solutions are in good 

I I 0 This orbit, run with an earlier data span, did not estimate 
241 242 243 244 

8-T ,  kmx1O2 

Fig. 111-21. Elliptic B-plane aiming point from 
cruise orbit determination agreement. 
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Fig. 111-23. Real-time Mariner Venus 67 encounter 
B-plane estimates 

Although considerably noisier than the spin-axis esti- 
mates, the encounter solutions for station longitude 
shown in Fig. 111-25 are in good agreement with the 
cruise longitude solutions of Fig. 111-17. The high ran- 
dom noise is caused by numerical instability in the 
SPODP. The trend towards increasing longitude with 
increasing data, in contrast to the opposite trend in the 

cruise solutions, should be noted. The longitudes de- 
duced from tracking data from E-5 to Ei-5 days are, 
in general, even higher than the early cruise longitudes. 
The longitude determinations in deep space, under the 
gravitational inffuence of the sun, are systematically 
lower by about 25 m than those in the gravitational 
presence of the earth and Venus. This difference indicates 
the existence of significant earth-sun ephemeris errors 
of 300 km. 

The total spread in mean station locations during 
encounter operations on the prime computer string 
amounts to A;, = 4 m, Ah = 12 m. These are important 
quantities, as theory predicts the uncertainty in station 
location to be a predominant error source. 

Deep Space Station 51 was used for only a brief period 
after encounter. Insufficient data were accumulated to 
allow a good solution for station-location parameters. 
As a result, the need was indicated to use the stations 
that had been calibrated during the cruise phase to cover 
critical periods, such as the encounter phase. 

g. Mass of Venus. The mass of Venus is the astro- 
dynamical quantity most precisely determined by 
Mariner V encounter tracking data because the Venus- 
centered hyperbolic encounter trajectory is curved nearly 
90 deg by the gravitational influence of the planet; also, 
the trajectory bending is very accurately measured by 
doppler tracking data. The Mariner I I  spacecraft, using 
L-band doppler data, yielded a sun-Venus mass ratio of 
408,505 +6 (see Ref. 2.5). This value was used as a priori 
information in the Mariner V encounter solutions, but 
the a priori standard deviation was enlarged to 150 to 
avoid possible biasing of the solution towards the 
Mariner I I  result. The current Mariner V estimate of 
the sun-Venus mass ratio is 408,522.66 &3. This is based 
upon doppler and ranging tracking data from E-5 to 
E+5 days, assuming GM, = 13,271,251 X lo4 km3/s2 
and an AU of 145,957,904 km, so that GM, = 324,859.6 
t 3  km3/s2. 
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Fig. 111-24. Encounter solutions for station location, distance off spin axis 
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IV. Space Flight Operations 

A. Mission-Independent Support 

For the Mariner Venus 67 mission, mission-independent 
support of Space Flight Operations (SFO) was provided 
by various support facilities, through schedule and con- 
trol of interfaces, Deep Space Network (DSN) coverage, 
interaction with other missions, and Mark I and Mark I1 
ranging ground equipment configuration and utilization. 
These are described in the paragraphs that follow. 

1. Facilities and support. 

a. Deep Space Instrumentation FaciZity. The Deep 
Space Instrumentation Facility (DSIF) telemetry config- 
uration (Fig. IV-1) for the Mariner Venus 67 mission 
consisted of an 85-ft parabolic antenna providing receiv- 
ing gain of approximately 53 dB (Table IV-1). The 210-ft 
parabolic antenna at the Goldstone Mars Deep Space 
Station (DSS 14) provided a gain of approximately 61 dB 
(Table IV-1). Two receivers at each station provided 
backup capability during the Mariner Venus 67 mission. 

A predemodulation/postdemodulation analog record- 
ing was provided by DSS 14. A digital recording of the 

telemetry and command processor (TCP) output was 
also provided as a DSS function. 

The TCP digital output tape was used as the prime 
data source for constructing the master data library 
(MDL). When the TCP digital tape did not meet MDL 
requirements, the analog tape was requested and used 
as the data source. The analog tape was used exclusively 
when the telemetry threshold was exceeded. 

During the encounter phase, which occurred during 
the Goldstone pass, four Goldstone stations (DSS 11, 
DSS 12, DSS 13, and DSS 14) provided prime and backup 
coverage (Fig. IV-2). 

b. Communications. The teletype, voice, and high- 
speed data lines (HSDLs) required for data acquisition 
at the Space Flight Operations Facility (SFOF), in Pasa- 
dena, and for voice communications with all of the DSSs 
are shown in Fig. IV-3. This configuration covers both 
the cruise and encounter periods of the mission. Figure 
IV-4 shows a more detailed routing of the TTY circuits 
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VOICE (SHARED BY PROJECT AND DSN) -C- 

Fig. IV-3. Ground communications, deep-space phase 

for the handling of Mariner V telemetry data. Special 
microwave coverage, communication engineering sup- 
port, and communication prediction information were 
made available for encounter. 

With the exception of test activity and command 
operations, the Venus operations controllers coordinated 
the operations effort for the project during the cruise 
phase on a 24-h/day basis during periods when the 
spacecraft was being tracked continually. All voice com- 
munications from supporting agencies were channeled 
through the Venus operations controller position. This 
included telephone communications between Stanford 
and the SFOF. 

Use of the networks and their configurations (exclud- 
ing the DSIF, communication control, and SFOF net- 
works) during encounter and other high-activity phases 
are described in the paragraphs that follow. (Dotted 
lines in the figures indicate listen-only capability.) 

The mission control network (MI-CON) was used by 
the project manager, the Space Flight Operations Director 
(SFOD), and the area directors for discussing mission 
direction. Positions assigned to this network are shown 
in Fig. IV-5. 

The operations control network (VAL-PRIME) was 
controlled by an assistant SFOD (ACE8 position). The 

ACE-5 position conducted the sequence of events, re- 
quested reports, and obtained reports from all area direc- 
tors on this network. Positions assigned to this network 
are shown in Fig. IV-6. 

The facilities operations control network (FAC-PRIME) 
was controlled by an assistant SFOD (PRIME-5 position) 
and used in conjunction with the VAL-PRIME network 
for conducting the sequence of events. The PRIME-5 
position requested and obtained reports from the DSN 
on matters relating to the sequence of events. Positions 
assigned to this network are shown in Fig. IV-7. This 
network was also used by the Venus operations control- 
lers for cruise-phase coordination. 

The flight-path analysis and command (FPAC) anal- 
ysis control network (FPAC 3) was controlled by the 
FPAC director. The stations assigned to the FPAC 3 
network are shown in Fig. IV-8. All internal FPAC 
coordination was conducted over this network. 

The spacecraft performance analysis and command 
(SPAC) analysis control network (BUSS) was controlled 
by the SPAC director. The stations assigned to this 
network are sliown in Fig. IV-9. This was an analysis net- 
work used for conference discussions, moderated by the 
SPAC director or his authorized representative, and f9r 
periodic status reporting on spacecraft subsystems to 
the SPAC director. 
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Fig. IV-11. Command network (MAR-COMMAND) 

The space science analysis and command (SSAC) 
analysis control network (SPACE) was controlled by the 
SSAC director. The stations assigned to this network are 
shown in Fig. IV-10. This was an analysis network used 
for conference discussions and reporting on the status of 
the science instruments. 

The command network (MAR-COMMAND) was used 
and controlled by the SFOD for conducting all com- 
mand activities. Access to this network was limited to 
the SFOD, the SPAC director, and the track chief. Com- 
mand execution and verification by the DSIF were 
reported on this network. Positions assigned to this net- 
work are shown in Fig. IV-11. 

The data-coordination network (DA-COR) was under 
control of the data processing operations director, and 
was used as a coordination network between him and 
computer-support personnel. Assignments to this net- 
work are shown in Fig. IV-12. This network was also 
used by the Venus operations controllers during the 
cruise phase for data processing coordination. 

A special network was established during the encounter 
phase for coordination between the occultation personnel 
at Goldstone and those at the SFOF in Pasadena. 

c. Data Processing. This section outlines the data 
processing requirements of the Mariner Venus 67 mission 
with respect to each of the supporting facilities (the 
DSIF and the SFOF). 

The prime concern of the data processing system was 
the expeditious manipulation and display of the data 
required to monitor and control the performance of 
the spacecraft. 

To ensure the ability of the mission operations team 
adequately to support the Mariner Venus 67 mission, 
certain tasks had to be performed by the facilities sup- 
porting the mission. These tasks are discussed below, 
and are shown in Fig. IV-13. 

The Deep Space Stations performed on-site d a b  
processing in support of the Mariner Venus 67 and 
Mariner Mars 1964 missions. The following tasks were 
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performed by the subsystems that compose the DSIF 
data processing system: 

(1) Telemetry and command processor (Fig. IV-14): 
(a) Format telemetry data received from  murine^ V 

mission-related hardware for transmission to 
SFOF in real time. 

(b) Provide selected station functions to SFOF 
(receiver in-out lock, demodulator in-out lock, 
and receiver automatic gain control). 

(c) Assign DSIF time to telemetry data. 

(2) Tracking data handling equipment: 
(a) Format tracking data (angle, doppler, ranging 

and/or transmitter frequency) for transmission 
to SFOF. 

(3) Recording subsystem: 

(b) Assign DSIF time to tracking data. 

(a) Record telemetry data (composite and mission- 

(b) Record selected station functions. 
(e) Record DSIF time. 

related hardware output). 

FPAC SDA3 

The major data-handling effort within the SFOF was 
the processing and display of incoming tracking and 
telemetry data. The type of data (tracking or telemetry) 

and the ultimate users’ requirements determined the 
required computation. The following services were pro- 
vided by the SFOF data processing subsystems: 

(1) Input/output (I/O) processor (7044R) : 
(a) Format, convert to engineering units, and out- 

put in real time to display devices the telem- 
etry and tracking data received from DSIF 
and spacecraft testing areas. 

(b) Alarm-monitor engineering and science telem- 
etry data from spacecraft. 

(c) Record all incoming DSIF data on digital 
magnetic tape. 

(d) Transmit tracking predictions and commands 
to DSIF. 

(2) Main processor (7094): 
(a) Perform detailed analysis of spacecraft engi- 

neering and science data in nonreal time when 
required by sequence of events or upon request 
from SFOD. 

(b) Perform spacecraft positioning analysis. 
(c) Determine spacecraft orbit and generate track- 

(d) Generate maneuver commands. 
(e) Generate an MDL consisting of all spacecraft 

data forwarded from DSIF. 

ing predictions. 
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Fig. IV-14. Telemetry and command processing a t  
the Deep Space Instrumentation Facility 

Fig. IV-15. Tracking data handling a n d  orbit 
determination 

The operating modes and format-selection capability 
of the DSIF-TCP were controlled by the SFOD or his 
designated representative through instructions to the 
DSIF track chief. 

The selection of SFOF data processing system opera- 
tions was primarily controlled by the standard sequepce 
of events. The mission was, in most cases, provided full 
data processing capabilities within 30 min after a request 
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had been made by the SFOD or his designated repre- 
sentative. 

Briefly to summarize the data processing system for 
the Mariner Venus 67 mission, teletype data were 
received from the NASA Communications Network 
(NASCOM) system by the communications processor, 
and provided to the 7044. In addition, information gen- 
erated by the 7044 or 7094 was routed to the communi- 
cations processor for distribution to SFOF user areas 
or overseas sites. In the 7044 redesign system, the 
mission-dependent telemetry program performed data 
processing functions similar to those of the TCP. It per- 
formed frame detection, decommutation, identification, 
and time tagging of spacecraft telemetry data. These 
data could then be transmitted by the 7044 to user areas 
or anywhere in NASCOM. The pseudo-residual plot pro- 
gram compared tracking data to prediction data obtained 
from the predict data tape. Residuals were computed, 
based upor, incoming tracking data and predicted track- 
ing observables, and then displayed as plots in the user 
areas. All data entering the 7044 system were logged 
on magnetic tapes. 

The user programs illustrated in Figs. IV-15 through 
IV-19 are shown operating in SFOF mode 2. A 7044, a 
1301 disk, and a 7094 were operating together and com- 
municating with one another. Control inputs, usually 
from punched cards or switches, could be entered at the 
user areas, received by the 7044, and sent to the 7094 
via the direct data channel. Modes 3 and 4 are described 
below (see Figs. IV-20 and IV-21), as are the MDL 
programs (see Fig. IV-22). 

As raw tracking data were received, these data were 
placed on the disk (see Fig. IV-15) by the 7044 system, 
and were then accessible to the 7094 user programs. 

Four tracking data handling and orbit-determination 
programs are illustrated, but only one program operated 
within the 7094 SFOF system at a time. The mission- 
independent editor acquired the raw teletype data from 
the disk that contained mixed tracking and telemetry 
data, and separated the data, extracting and storing the 
tracking data on the disk in the raw tracking data file. 

The tracking data processor program (TDPX) retrieved 
these data, edited and reformatted them, and then placed 
the data back on the disk in the master tracking data file. 

The orbit data generator program (ODGX) used this 
file to prepare a block of data for the orbit determination 

program. Essentially, the ODGX program extracted a 
subset of the master tracking data and formatted it, 
using control inputs that had been provided to the 
program. 

The orbit-determination program (ODPM) retrieved 
the block of ODPM data that had been compiled by 
the ODGX program, and, employing a least-squares curve 
fit and an iterative technique, determined the orbit of 
the spacecraft. The injection conditions were placed on the 
disk, and were then available for use by other programs. 

The area on the disk labeled USER PROGRAMS con- 
tained the actual programs called up by the system and 
brought into the 7094 for operation. The normal output 
of these programs could be accessed by the 7044 from 
the “output” area on the disk, and sent to the user areas 
for display. 

Trajectory computations were performed by the pro- 
grams TJIM (I = 1,2,3) and POWM (see Fig. IV-16). The 
injection conditions and the planetary ephemeris were 
used by T JIM to compute the spacecraft ephemeris and 
to generate a trajectory “save” tape. This tape consisted 
of tabulated information that had been computed at 
specified points along the trajectory. These values in- 
cluded earth-sun-spacecraft angles, clock angles, and 
velocities. The POWM program was essentially a tra- 
jectory program that prepared input for the PRDX 
program, which generated tracking predictions. These 
predictions were used for early acquisition, and were 
based upon predicted or actual liftoff time. Various out- 
puts of these programs were displayed in the user areas 
or were recorded on magnetic tape for subsequent off- 
line processing. With reference to Fig. IV-17, the PRDX 
program computed: 

(1) Predict data for up to 15 stations. 

(2) Station view periods. 

(3) Transmitter voltage-controlled oscillator frequen- 

This information was formatted for teletype, and sub- 
sequently transmitted to the DSIF stations to aid in 
spacecraft acquisition. 

cies. 

In addition, PRDX produced a predict data tape that 
was used as an input to the 7044 for computation of 
pseudo-residual plots. The PRDX program used the 
injection conditions and the planetary ephemeris as 
inputs. Selected outputs were displayed in the user 
areas or were recorded on magnetic tape for subsequent 
off -line processing. 
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The midcourse maneuver (MClM) program, as shown 

(1) Provided necessary information to select a mid- 
course maneuver that satisfied all spacecraft con- 
straints. off-line processing. 

(2) Generated capability ellipse plots. 
(3) Generated maneuver commands. in Fig. IV-18, performed the following: 

Again, the inputs were the injection conditions and 
planetary ephemeris, and the outputs were recorded for 
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mission-independent editor to extract the telemetry data 
and to store these data on the disk, as was done with 
the tracking data; this capability was not used by the 
Mariner Venus 67 project.) Another input for three of 
the SPAC programs (SIPM, CPPM, and ATTREF) was 
the trajectory “save” tape. The need for this tape is 
obvious because these programs required an exact knowl- 
edge of the location of the spacecraft in space to accom- 
plish their individual tasks. 

b 

TTY 
COMMUN CATIONS 

PROCESSOR 

The results of the SPAC programs were available to 
the user area via the 7044 and the output portion of the 
disk. Selected results were recorded on magnetic tape for 
subsequent off-line processing. 

I10 PROCESSOR 
7044 REDESIGN 

SYSTEM 

The user programs illustrated above were shown 
operating in mode 2. Mode 3 (Fig. IV-20) did not use 
the 7094 computational capabilities, but retained all 
real-time display and processing capabilities. All incom- 
ing data were still recorded on the 7044 log for sEb- 
sequent processing. 

Mode 4 (Fig. IV-21) was essentially the postprocessing 
mode. The 7044 was replaced by a previously recorded 
7044 log tape, and control inputs from the user area 
were replaced by direct card inputs to the 7094. All 
7094 programs, previously discussed as operating in 
mode 2, could also operate in mode 4. 

The MDL programs (Fig. IV-22) for the Mariner 
Venus 67 mission were identical to those used for the 

Fig. IV-20. Mode 3 operation 

Mariner Mars 1964 mission except for two additional 
input processors and the MDL interface user program. 
The MDL programs did not operate in the SFOF soft- 
ware system, but in the standard International Business 
Machines System (IBSYS). 

The purpose of the MDL programs was to generate, 
in nonreal time, a tape containing the most accurate 
stream of telemetry data possible. This tape then became 
the basis for analysis by experimenters and spacecraft 
engineers. This processing of various input source tapes 
into a final tape was done by the three basic software 
portions of the MDL chain: the EDIT program, the 
REEDIT program, and the MERGE program. These 
programs are discussed in some detail in the paragraphs 
that follow. 

Data were recorded in various places and in various 
formats in the total data processing system. The tapes 
containing these data were the inputs to the MDL pro- 
grams. The telemetry processing station and TTY paper- 
tape inputs were used for the Mariner Mars 1964 project. 
Their input capabilities were retained, but for the 
Mariner Venus 67 project they were replaced by two new 
sources: the TCP log tape, recorded at the TCP, and 
the 7044 log tape, recorded at the 7044. 

Each tape input had an associated input processor 
specifically designed to handle a particular format. The 
input processors performed a translation function from 
the varied input tape formats to a standard format recog- 
nizable by the EDIT program. 

The EDIT program performed frame detection and 
evaluated the quality of each frame. 

Included in the telemetry data stream was status 
information regarding the processing, recording, and 
receiving equipment; e.g., receiver in and out of lock 
and demodulator in and out of sync. The EDIT pro- 
gram recognized this information, and used it in evalu- 
ating data quality during the frame-detection process. 

A spacecraft data frame consisted of a certain number 
of words, or data bits, between science pseudo-noise 
sequences. The EDIT program, while performing frame 
detection, was able to draw some conclusions regarding 
the quality of the data stream based upon the proper 
or improper locations of these science pseudo-noise 
sequences. The standard MDL tape generated by the 
EDIT program contained not only the time-tagged data, 
but information regarding the worth of the data. This 
judgment was based on conclusions drawn from the 
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In addition to the standard MDL tape, a bad-data 
listing was recorded on magnetic tape. This listing was 
formatted for subsequent off-line printout. The printout 
containing bad or questionable data could then be exam- 
ined visually to resolve such matters as the following: 

(1) Whether the data required reprocessing farther 
upstream. 

(2) Whether a pattern existed that would allow cor- 
rection of the data by making certain inputs to 
the program. 

(3) Whether the data were good enough to accept as 
they were. 

The bad-data listing was thus essentially an evaluation 
tool for determining the additional processing required 
to improve the MDL tape. 

The REEDIT program provided a means of correcting 
the MDL tape by supplying appropriate control cards 
based upon the investigation of the bad-data listing 
generated by the EDIT program. 

One of the main problems encountered in generating 
the MDL was that of inconsistent times. There were 
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many potential sources for these “ b a d  times. At the 
DSIF station, the recorders were often turned on before 
the spacecraft had been acquired. Recording of time 
on the time track would begin later; finally, recording 
of the spacecraft analog signals would begin. The tele- 
metry processing station then put the station analog tape 
through a demodulator, and digitized it. An attempt 
was made to begin this process at the inception of data 
recording, but often a “no-data” section of the tape 
would be digitized, and occasionally digitizing would 
begin before the time-track signals were encountered. 
Consequently, there would be “bad-data” periods and 
meaningless times in the resulting digital tape. 

Inconsistent times would also result from bit errors 
in the time track. These bit errors could occur in any 
of the time units (days, hours, minutes, or seconds). 

The EDIT program checked for consistency of time, 
but had no means of correcting the errors thus discovered. 
The errors appeared on the bad-data listing of the EDIT 
program, along with other bad-data frames. An exami- 
nation and analysis of this listing, with intelligent selec- 
tion of control cards, allowed the REEDIT program to 
correct much of the bad data flagged by the EDIT 
program. 

The REEDIT program also produced a bad-data list- 
ing, which, if the correction process had been done 
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Fig. IV-22. Master data library programs 

properly, would have been appreciably smaller than 
the one produced by the EDIT program. 

The MERGE program processed a number of tapes 
(up to six) from various sources, covering the same period 
of transmission, and merged them into one “best possible” 
standard MDL tape. The tapes processed by the EDIT 
and REEDIT programs were also from a variety of 
sources. Consequently, many tapes contained telemetry 
data for identical tracking periods. This occurred during 
station overlaps; i.e., when more than one station was 
tracking the spacecraft at a time. It also occurred during 
in-station overlaps; i.e., when, in switching from one 
tape to another during a pass, the second recorder was 
started before the first had finished. (Approximately 
three analog tapes were required for a station pass.) 

The MERGE program evaluated each data frame 
based upon quantitative command information, data 
condition information, and control inputs that instructed 
it to place more weight on one data source than another, 
etc. The best data frame was selected for each time step, 
and recorded on the MDL output tape, The “MIERGE 
output” was a magnetic tape recording similar to the 
previously discussed bad-data listings, except that it 

simply indicated data gaps in the final standard MDL 
output tape. 

The user programs were used as tools in the evaluation 
process of the standard MDL tapes generated at any 
stage (i.e., EDIT, REEDIT, or MERGE). 

The standard MDL tapes, regardless of the stage of 
processing, were in an identical format. The REEDIT 
and MERGE programs refined the data stream, but did 
not alter this format. As a result, any of the MDL user 
programs could use any MDL tape as an input. 

The engineering lister extracted all of the engineering 
data from an MDL tape, and organized these data into a 
“quick-look” format. The science lister did essentially 
the same with science data. (This capability was for the 
Mariner Mars 1964 mission only.) The quality control 
log program was still in the developmental stage. Its 
purpose was to compute qualitative statistics about a 
tape by scanning the tape for data gaps, poor data 
frames, etc. The XRPM program was a selective extract 
program with various uses; e.g., a magnetometer experi- 
menter, by providing certain control inputs to the XRPM 
program, could extract a11 magnetometer data from a 
given MDL tape. 
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The MDL interface program acted as an interface 
between the MDL tape and two programs carried over 
from the Mariner Mars 1964 project. In the discussion 
of SPAC user programs, above, it was pointed out that 
telemetry data were not stored on the 1301 disk as were 
tracking data. The Mariner Mars 1964 project, on the 
other hand, stored telemetry data on the disk, and two 
very useful programs (SSDM and EDPLOT) made use 
of this feature. The MDL interface program allowed 
these programs to operate from the standard MDL tapes. 
The EDPLOT program provided a plot of the engi- 
neering values recorded. The SSDM program was a 
suppressed data printout; i.e., only values that violate 
certain constraints were printed out, and repetitive values 
were ignored. 

SFOF 
DATA 

PROCESSING 
ANALYST 

Prior to encounter, a residual program (RSID) was 
generated for the purpose of making available real-time, 
pseudo-residual plots. 

STANFORD 
RESEARCH 
INSTITUTE 

- 

Tracking data (1-s sample rate) were transmitted from 
Goldstone over an HSDL to the 7044 at the SFOF. The 
RSID program compared these data with predicts and 
output residuals, which were plotted on a 30x30 Milgo 
plotter in the FPAC area. 

MAGNETIC TAPE (MAIL) 

STANFORD RESEARCH INSTITUTE STATION LOGS WHEN REQUESTED (MAIL) 
TRACKING SCHEDULES AND OPERATIONS (COMMERCIAL TELEPHONE) 

I 
L 

Figure IV-23 illustrates operational dual-frequency 
radio propagation experiment data flow. 

d. Mission support area. The Mariner Venus 67 mission 
support area (MSA), located in the SFOF at Pasadena, 
housed the SPAC team, the SSAC team, and the opera- 
tions team. All mission-control functions originated from 
this central control point. 

The equipment layout provided for the analysis of 
spacecraft and science instrument performance, and for 
the mission-control function, is shown in Fig. IV-24. The 
FPAC team was housed in flight-path analysis area 
(FPAA) No. 2, adjacent to the MSA. This area was pro- 
vided with similar equipment for performing trajectory 
analysis, orbit determination, and predict-generation 
functions. 

2. Schedule and control of interfaces. Scheduling for 
the Mariner Venus 67 mission encounter and pre- 
encounter testing was conducted exactly as it was during 
the entire mission. Users of DSN facilities submitted 
requirements to three types of DSN scheduling tech,- 
niques: (1) the 16-mo loading schedule, which was an 
attempt to predict DSN loading 16 mo in the future; 
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Fig. IV-24. Mariner Venus 67 mission support area layout 
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(2) the DSN 12-wk schedule, which allocated DSN re- 
sources to project requirements on an hourdweek basis; 
and (3) the DSN 7-day operations schedule, which defined 
project requirements and was used to conduct DSN 
activities on a day-by-day, hour-by-hour basis. Changes 
to the DSN 7-day schedule were conducted through the 
DSN operations controI group. The Mariner Venus 67 
project DSN scheduling requirements followed the pre- 
scribed routes indicated above, whether the time was 
for testing or flight support. All interfacing with respect 
to scheduling was conducted through the Mariner Venus 
67 mission DSN project engineer. It was his responsi- 
bility to collect and review all inputs to eliminate all 
possible internal project conflicts and redundancy in re- 
quests for DSN resources. His approval was required on 
all inputs to the DSN scheduling systems. 

3. DSN coverage. 

a. Class I tracking requirements. Table IV-2 shows a 
comparison between the Class I tracking requirements 
requested in the support instrumentation requirements 
document (SIRD) and the actual coverage obtained from 
the Air Force Eastern Test Range and Manned Space 
Flight Network C-band radar stations. All of the re- 
quested Class I coverage was provided. 

Post-Agendspacecraft separation tracking require- 
ments. TabIe IV-3 shows a comparison between the 
Class I tracking requirements requested in the SIRD and 
the actual coverage provided by the DSN. The time inter- 
val covered in Table IV-3 is from Agendspacecraft sepa- 
ration (L+ 1575.8 s) to end of mission (day 325 at 20:OO:OO 
GMT). Launch occurred on day 165 at 06:Ol:OO GMT. 

Table IV-2. Requested and actual Class I tracking coverage, liftoff to 14- 51 78 s 

Coverage requested 

l i f tof f  to parking orbit insertion 
plus 85 s (from L = 0 to 
L+610.2 s) 

'RIS = Range Instrumentation Ship. 

Actual coverage 

Cape Kennedy (1.1 6) 
L+10 to L+265 s 

Kennedy Space Center (1 9.1 8) 
L+12 to L+365 s 

Patrick Air Force Base (0.1 8) 
1+15 to L+480 s 

Grand Bahama Island (3.1 8) 
L+48 to L+450 s 

Grand Bahama Island (3.1 6) 
L+69 to L+467 s 

Grand Turk (7.1 8) 
L+199 to 1+6lO s 

Bermuda (FPQ-6) 
L+282 to L+642 s 

Coverage requested t--- 
Any continuous 60 s of coverage 

between Agena second burn 
cutoff (L+1415.324 s) and 
Agena/spacecraft separation 
(LS1576.724 s) 

Any continuous 60  s of coverage 
after Agena retro burnout 

Actual coverage 

Antigua (91.1 8) 
L$-368 to L+768 s 

Ascension (1 2.1 8) 
1+1232 to 1+1515 s 

Ascension (1 2.1 6) 
L+1245 to Lf1474 s 

RIS" Twin Falls (FPS-16) 
1+1414 to L+1912 s 

Pretoria (1 3.1 6) 
L+1667 to Lf3046 s 
L+3078 to L+4967 s 

Carnarvon (FPQ-6) 
L+2343 to Lt-5178 s 

Table IV-3. Requested and actual Class I tracking coverage, Agenalspacecraft separation to end of mission 

Coverage requested I Actual coverage I I Coverage requested 

Continuous coverage from Agena 
spacecraft separation 
(L-kl575.8 s) to f i rst  
maneuver (day 170 at 

transmit time) minus 1 h. 
60-s sample rate required, 
with the following exception: 
5-s sample rate required from 
initial DSIF acquisition to 
1+60 min (day 165 at 
07:Ol:OO GMT) 

21 :23:59 GMT-DC-V27 

C-band radar 
RIS Twin Falls (FPS-16) 
L+1414 to L+1912 s. 
Included Agena/spacecraft 
separation ot 
l f l575.8 s (day 165 a t  
06:27:16 GMT) 

Pretoria (1 3.1 6) 
L+1667 to L+3046 s 
L+3078 to L+4967 s 

Carnarvon (FPQ-6) 
L+2342 to 1+5178 s 

Actual coverage 

DSlF coverage 
DSS 51 acquired spacecraft 
at 1+1675 s (day 165 at 
06:28:55 GMT). TDH" to 5-s 
sample rate at 07:06:45 
GMT (1+3900 s). TDH went 
to 60-s sample rate at 
07:19:00 GMT, day 165 

DSlF tracking coverage was 
continuous from initial 
acquisition to MI-60 min 
(MI being the transmissio) 
of DC-V27) 

I 

"TDH = tracking data handling. 
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Table IV-3 (contdl 

Coverage requested 

One pass/day coverage from 
maneuver plus 3 days (day 
173) through maneuver plus 
53 days (day 223). 60-s 
sample rate 

Coverage requested Actual coverage 

An average of 2.46 passes/da) 
coverage was provided 
during this period. 60-5 
somple rate 

Continuous coverage from 
MI-60 min (day 170 at 
20:23:59 GMT) to sun 
reacquisition (day 170 at 

sample rate 
23:21:19 GMT). 1 0-s 

Continuous coverage from 
E+lOO min (day 292 at 
19:14:54 GMT) to E+12 h 
(day 293 at 0 5 3 4 6 4  GMT). 
30-r sample rate 

Start of  pitch turn (22:24:10.9 
GMT, day 170) minus 1 min 
to completion of pitch turn 
(22:29:13.9 GMT) plus 
1 min. 1 -I sample rate 

Start of roll turn (22:46:1 1 
GMT, day 170) minus 1 min 
to completion of roll turn 
(22:52:31 GMT) plus 1 min. 
1 -s sample rote 

Start of motar burn (23:08:1 1 
GMT, day 170) minus 5 min 
to completion of motor burn 
123:08:29.4 GMT) plus 5 min. 
1 -s sample rate Continuous coverage provided 

from E+ lOO min to 
E f l 2  h. 1 - and 60-s 
sample rates Continuous coverage 

Motor burn completion 
(23:08:29.4 GMT, day 170) 
plus 5 min to sun reacquisition 
(23:21:19 GMT, day 170). 

Continuous coverage from sun 
reacquisition (day 170 at 
23:21:19 GMT) to sun 
reacquisition plus 2 days 
(day 172 a t  23:21:19 GMT). 1 60-s sample rate 

Actual coverage 

Continuous coverage 

DSS 14, day 170 
TDH to 10-s somple rate at 
22:20 GMT 
TDH to 1 - and 10-s sample 
rates a t  23:05 GMT 
TDH to 60-5 sample rate a t  
23:30 GMT 

DSS 11, day 170 
TDH to 10-5 sample rate at 
18:21 GMT 
TDH to 1 - and 10-s sample 
rates a t  23:05 GMT 

TDH to 60-s sample rate a t  
23:50 GMT 

DSS 14, day 170 
TDH to 1- and 10-s sample 
rates at 23:05 GMT 
TDH to 60-5 sample rate at 
23:30 GMT 

DSS 11,day 170 
TDH to 1 - and 10-s sample 
rates at 23:05 GMT 
TDH to 60-5 somple rate at 
2 3 5 0  GMT 

Continuous coverage 

DSS 14 

TDH to 1- ond 10-s sample 
rates a t  23:05 GMT 
TDH to 60-s sample rote o t  
23:30 GMT 

DSS 11 

TDH to 1- and 10-s sample 
rates a t  23:OS GMT 

TDH to 60-5 sample rate a t  
23:50 GMT 

Continuous coverage from sun 
reocquisition to sun 
reacquisition plus 2 days o t  
60-5 sample rote 

One pass/doy coverage from 
maneuver plus 54 days (day 
224) through E- 10 days 
(day 282). 60-s sample rate 

An average of 2.28 passes/da) 
coverage was provided from 
maneuver plus 54 days 
through E- 10 days. 
60-s sample rate 

One pass/day from E-9 days 
(day 283) through E-2 
days (day 290). 60-s 
sample rate 

Continuous coverage provided 
from E-9 through E-2 
days. 60-s sample rate 

Continuous coverage from E- 1 
day (day 291 at 17:34:54 
GMT) to E-60 min (day 
292 at 16:34:54 GMT). 
30-s sample rate 

Continuous coverage provided 
from E-1 day to E-60 
min. 30-s sample rate 

Continuous coverage from E-60 
min (day 292 at 16:34:54 
GMT) to E+30 min (day 292 ai 
18:04:54 GMT). 1 - and 10-s 
sample rates 

Continuous coverage provided 
from E-60 to E+60 min. 

Encounter planning changed 
this SlRD requirement, and 
initialized the 1- and 10-s 
sample rates to start at 
approximately E-40 min 
and continue until E+60 min 

Continuous coverage from E f l 2  
to Ef24 h. 60-s sample rate 

Continuous coverage from E+24 
to E+72 h. 60-s sample rate 

Continuous coverage provided 
from E+12 to E+24 h. 
60-s sample rate 

Continuous coverage provided 
from E+24 to E+72 h. 1 -, 
lo-, and 60-s sample rates 

Two passes/day coverage from 
E+3 to E+ lO days. 
60-s sample rate 

Continuous coverage provided 
from E+3 to E+10 days. 
1 -, lo-, and 60-s sample 
rates 

Two passes/5 days or 1 pass/2.5 
days from E+10 days to 
end of  mission. 60-s sample 
rate 

An average of  1.8 passes/day 

' 
coverage provided from 
E+10 days to end of 
mission. 60-s sample rate 
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b. Class I telemetry requirements. Table IV-4 presents 
the total tracking coverage of Mariner V by the DSN. 
It also compares the actual telemetry coverage with the 
Class I telemetry coverage requested in the SIRD. In 
observing the comparisons for the various periods indi- 
cated, it can be seen that the total coverage provided was 
approximately twice the total coverage requested. This 
figure is based upon total passes requested vs total passes 
provided. 

During the flight of Mariner V, a total of 2.03 X los 
bits of data were transmitted by the spacecraft, of which 
1.78 X lo8 bits were received. In arriving at the latter 
figure, no consideration was given to any receiver out-of- 
lock times, as the number of lost bits represented would 
be insignificant to the total. 

The total bits received represent 86.7% of the totaI 
bits transmitted by the spacecraft. 

4. Interaction with other missions. 

a. Established guidelines for priorities. Guidelines 
were established for the determination of priorities to be 
accorded to a project. The following paragraphs state 
the contents of Guidelines for Scheduling of DSN Support 
for Lunar and Planetary Flight Missions: 

I. Purpose and Intent 
The purpose of this document is to form the 

guidelines to be used ( 1) by Lunar and Planetary 
Project Management in determining the priority 
to be accorded a project in the utilization of DSN 
facilities and ( 2 )  by DSN Management in estab- 
lishing schedules for the use of DSN facilities and 
for resolving conflicts that may arise in the sched- 
uling of near-term* DSN support for flight missions 
having equal priorities. It is intended that these 
guidelines be utilized at the lowest appropriate 
operational levels within the project and DSN 
organizational elements in order to permit decisions 
being made which will minimize conflicts in the 
scheduling of DSN resources. Where conflicts may 
arise which cannot be resolved by the application 
of these guidelines at the Project Manager and 
DSN Manager levels, the conflicts will be referred 
to the cognizant Program Manager at NASA Head- 
quarters, who will arrange to establish relative 
priorities for the use of DSN resources on a 
mission-to-mission basis. 

11. Responsibilities 
Each Project Manager shall examine the project 

objectives and mission plans to determine what 
data must be obtained, what elements of the 

'Near-term is defined as a 12-week period. 

mission are mandatory for data acquisition and 
what the time requirements are in order to derive 
a specific set of DSN support requirements. The 
Project Office shall list the approved mission objec- 
tives and within this framework categorjze each 
phase of each mission into priority classifications 
listed below. These mission classification lists shall 
be submitted to the appropriate Program Manager 
at NASA Headquarters for concurrence. The lists 
are then to be included in the SIRD for use by 
the DSN Managers in preparation of the NASA 
Support Plan. Existing or predicted limitations 
involving the scheduling of DSN facilities should 
not constrain project management in the categori- 
zation of mission phases into appropriate priority 
classifications. DSN management will publish an 
allocation of DSN resources on the basis of 
approved project priorities. The DSN management 
shall also have the responsibility for indicating to 
the concerned project management those portions 
of the mission which it cannot support or which 
will conflict with other project requirements. 

111. Definitions 
A. Critical Phase-The period during which cer- 

tain events are expected to occur which are 
mandatory for attaining primary mission 
objectives . 

B. Semi-critical Phase-The period during which 
certain events are expected to occur which 
are not mandatory for attaining primary 
mission objectives but which are required to 
obtain other mission objectives. 

C. Non-Critical Phase-The period during which 
near real-time data acquisition is not re- 
quired to meet the mission objectives. 

IV. Priority Classifications/Category 
Priorities are established in the following order: 
1. In-Flight Critical-The period' during flight 

when certain events are expected to occur 
which are mandatory to attaining the primary 
mission objectives. 

2. In-Flight Semi-Critical-The periods during 
flight when certain events are expected to 
occur which are either mandatory for achieve- 
ing other mission objectives or which are 
required to maximize achievement of mission 
objectives. 

3. Pre-Flight Critical-The periods preceding 
flight when certain activities must occur at 
specifically set times in the Pre-Flight Sched- 
d e  to permit meeting the mission objectives. 

4. DSN Routine Maintenance-The period dur- 
ing which the maintenance activity, necessary 
to assure that the DSN is operational and can 
meet its project commitments, must occur. 

5. Pre-Flight Semi-Critical-The periods preced- 
ing Eght when certain activities must occur 
to permit meeting the mission objectives but 
which can be carried out at conveniently 
scheduled times in the Pre-Flight Schedule. 
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Table IV-4. Total Mariner V tracking coverage by the Deep Space Network 

Actual coverage provided 
~~ 

Requested vs actual coverage 

MV-5 STA-51/ / 
PUL-5- SIA-411 / 
MV-5 STA-42/ / 
H U ~ l t l  STA-61/ / 
MV-5 STA-11/ / 
w-5.- SIP-bzc J- 
MV-5 STA-61/ / 
bWz5 -STA-11/  / 
MV-5 STA-42/ / 
N - 5 .  STA-61/ / 
HV-5 STA-11/ / 
MV_F.-STA-bz/ / 
MV-5 STA-61/ / 
HV-5- SIA-11/ / 
MV-5 STA-42/ / 
MY-& STA-61/ / 
MV-5 STA-11/  / 
MV-S 5TA-421 / 
MV-5 STA-62/ / 
&Y-5. STA-6U / 
MV-5 S T A - 1 1 /  / 
MVr5 . STA-14./ / 
MY-5 STA-41/ / 
Mu--5 SIA-421 / 
MV-5 STA-61/ / 
M W  -STb.-l.l/ / 
MV-5 STA-41/ / 
MU-5 STA-61/ / 
MV-5 S T A - 1 1 /  / 
MV-5- SIA-14/ / 
MV-5 STA-41/ / 
W-5  STA-61/ / 
MV-5 STA-l l /  / 
MV-5 STA-42/ / 
MV-5 STA-bl/ / 
YV-5 S T A - 1 1 /  / 
MV-5 STA-42/ / 

MV-5 STA-12/ / 
MY-5 STA-42/ / 
MV-5 STA-61/ / 
MU-5 STA-ll/ / 
MV-5 STA-42/ / 
MV-5 STA-hl/ / 
MV-5 S T A - 1 1 /  / 
MY-5 STA-42/ / 
MV-2 STA-61/ / 
My=F..STA-Ll/ / 
MY-5 STA-42/ / 
MV-5 STA-61/ / 
MV-5 STA-11/ / 
Kil-5 STA-42/ / 
MV-5 STA-61/ / 
W-5.. SIA-ll/ / 
HV-5 STA-42/ / 
MY-5 STA-51/ / 
MV-5 STA-12/ / 
MY-% STA-42/ / 
MV-5 STA-61/ / 
MY-3 STA-12/ / 
MV-5 STA-42/ / 
k’d-5. STA-61/ / 
MV-5 STA-42/ / 
MY-5 STA-62/61/ 
MV-5 STA-62/ 
W-5. SIA-41/ / 
MV-5 STA-42/ / 
bW-5 STA-62/ / 
MV-5 STA-12/ / 
M - 5  STA-41/ / 
MV-5 STA-41/ / 
MY15 STA-62/ / 
MV-5 STA-12/ / 
MV-5 STA-41/ / 
MV-5 STA-12/ / 
MV-5 STA-14/11/ 
MU-5 STA-62/61/ 
I V - 5  STA-l2/ / 
MV-5 STA-41/ / 
Mv-5 STA-62/61/ 
MV-5 STA-12/ / 

MV-5 STA-61/ 

PASS-0001 ACQ- 165 062855 EOT- 165 194151 
PASS-0001 ACQ- 165 064854 EOT.--l65 WLV 
PASS-0001 ACQ- 165 065305 EOT- 165 112057 
PASS-0001 ACQ- 165 111055 EOT- L65.2QELU 
PASS-0001 ACQ- 165 183336 EOT- 168 044000 
PASS-0002 AUJ- 165 235flOl E O T - . - L b L U 5 V U  
PASS-0002 ACQ- 166 110753 EOT- 166 203829 
PASS-0002 ACQ- 166 la3129 EOT- 1b7-045C.U~Q 
PASS-0003 ACQ- 166 235753 EOT- 167 115635 
PASS-0093 ACQ- 167 110308 EOT- 1b7 2Q4bLZ 
PASS-0003 ACQ- 167 182850 EOT- 168 044756 
PASS-0004 ACQ- 167 235500 EDT- 168 L 1 5 4 M  
PASS-0004 ACQ- 168 105749 EOT- 168 204159 
PASS-0004 ACQ- 168 182553 EOT- 1- 044800 
PASS-0005 ACQ- 168 235116 EOT- 169 115152 
PASS-0005 ACQ- 169 105513 EOT- reS 2838€6 
PASS-0005 ACQ- 169 182215 EOT- 170 044700 
PASS-0006 ACQ- 169 235122 EOT- 175-1L44800 
PASS-0006 ACQ- 170 105128 EOT- 170 204914 
PASS-0006 ACQ- 170 105145 EOT- 170 2U590 
PASS-0006 ACQ- 170 182034 €07- 171 044300 
PASS-0006 ACQ- 170 182350 EOT- 171 030005 
PASS-0007 ACQ- 170 002240 EOT- 171 111505 
PASS-0007 ACQ- 170 234755 €QT- 171 U U 8 0 Q  
PASS-0007 ACQ- 171  104814 EOT- 171 203127 
PASS-0007 ACQ- 171  195615 EOT- 172 04W 
PASS-0008 ACQ- 172 032755 EOT- 172 112845 

PASS-0008 ACQ- 172 183000 EOT- 173 033915 

PASS-0009 ACQ- 173 022603 EOT- 173 110100 
PASS-0009 ACQ- 173 104000 EOT- 173 ZOO000 
PASS-3009 ACQ- 173 181500 EOT- 174 040400 
PASS-0010 ACQ- 174 025502 EOT- 174 113205 
PASS-0010 ACQ- 174 103540 EOT- 174 202003 
PASS-0010 ACQ- 174 180606 EOT- 175 021800 
PASS-0011 ACQ- 175 002542 EOT- 175 112730 
PASS-0011 ACQ- 175 103208 EOT- 175 183500 
PASS-0011 ACQ- 175 180500 EOT-  17h 013000 
PASS-0012 ACQ- 176 010217 EOT- 176 110000 
PASS-0012 ACU- 176 102311 EOT- 176 183000 
P4SS-0012 ACQ- 176 175500 EDT- 176 020OM 
PASS-0013 ACQ- 176 235428 tOT- 177 110500 
PASS-OUL~ ACQ- 177 102207 EOT- 177 192807 
PASS-0013 ACQ-  177 175338 EOT- 178 030000 
PASS-0014 ACQ- 178 015246 EOT- 178 111425 
PASS-0014 ACQ- 178 101644 t O T -  178 193000 
PASS-0014 AKA- 178 174638 EOT- 179 031800 
PASS-0015 ACQ- 179 015405 EOT- 179 111008 
PASS-3015 ACQ- 179 101110 EOT- 179 19L5UU 
PASS-OU15 ACU- 179 175315 EOT- 189 031530 
PASS-0016 ACQ- 186 015830 EOT- 180 11Obl.5 
PASS-0016 ACO- 180 100637 €UT- 180 195711 
PASS-0016 ACQ- 180 173802 EOT- 181  r1245f lO 
PASS-0017 ACQ- 181 020000 EOT- 181 110200 
PASS-’I017 4CQ- 1 8 1  094654 EOT- 181 185926 
PASS-0017 ACQ- 181 184215 €01- 182 030000 
PASS-0318 ACQ- 182 010000 €01- 182 105800 
PASS-0018 ACQ- 182 100323 COT- 182 190616 
PASS-0018 ACQ- 182 180138 EOT- 183 030500 
PASS-OUl9 ACQ- 183 020000 EOT- 183 105400 
PASS-0019 ACQ- 183 a95305 EOT- 181 199048 
PASS-0020 ACQ- 184 015000 EOT- 184 104800 
PASS-0020 ACQ- 184 093948 EOT- 184 194400 
PASS-0C21 ACQ- 185 093800 EOT- 185 194000 
PASS-0022 ACQ- 185 232045 EOT- 186 112003 
PASS-0023 ACQ- 186 224315 EOT- 187 101700 
PASS-OG23 ACQ- 187 092939 EOT- 187 193200 
PASS-0023 ACQ- 187 163900 EOT- 188 032130 
PASS4324 ACQ- 187 231149 COT- 18B 111208 
PASS-0025 ACQ- 188 230732 COT- 189 110700 
PASS-0025 ACQ- 189 091900 EOT-. 189 192400 
PASS-0025 ACQ- 189 163G17 EOT- 189 234000 
PASS-Jlj26 ACQ- 189 230252 EOT- 190 110300 
PASS-0026 ACQ- 190 162614 EOT- 191 030716 
PASS-0027 ACQ- 191  173350 EUT- 191 220007 
PASS-0028 ACQ- 192 090600 EOT- 192 191200 
PASS-0028 ACO- 192 161427 EDT- 1-92 234000 
PASS-0029 ACQ- 192 225014 EOT- 193 104900 
PASS-0029 ACQ- 193 090000 EOT- 193 1908Qo 
PASS-0029 ACQ- 193 160938 EOT- 194 525356 

PASS-OOOM ACQ- 172 104430 EOT- 172 2nzae  
PASS-0008 ACQ- 172 190716 EOT- 172 22-2500 

Lounch through first maneuver plus 2 days (day 165 through day 172) 
Requested Class I coveroge per SlRD - Continuous 
Actual coverage - Continuous 
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Table IV-4 kontd) 

Actual coverage provided Requested vs actual coverage 

Bk5 SXA-421 1- 
MU-5 STA-61/ / 
!d&5 STA-AU I 
MV-5 STA-42/ / 
MY-5 STA-51/ / 
MY-5 STA-14/12/ 
M U 4  STA-42/ / 
MV-5 STA-bl/ / 
&L-5 -STA-14/ / 
MV-5 STA-42/ / 
n k 5 3 u - 5 L -  -1. 
HV-5 STA-141 / 
uv--5.- SIP-421 - 1 
MV-5 STA-61/ / 
W 3  -5TA-14Ll1/ 
MV-5 S T A - 1 1 /  / 
m-Lsu-4zL 1 
MV-5 STA-611 / 
MY-5 STA-111 / 
MV-5 STA-42/ / 
&l STA-611 / 
MV-5 STA-11/ / 
k u L - I _ _ s I & ~ ~  / 
MV-5 STA-61/ / 
B k 5  -SIA-UL / 
MV-5 STA-42/ / 
&!I-5 STA-611 / 
MV-5 STA-14/11/ 
W-5 STA-42/ I 
MV-5 STA-61/ / 
BY% STA-l l /  / 
MV-5 STA-42/ / 
W-5 SIA-611 / 
HV-5 S T A - 1 1 /  / 
LUL-?i-_ST.A=42/ ~ 1 
MV-5 STA-61/ / 
MY-5-STA-42/ / 
MU-5 STA-61/ / 
BV-5 SIA-141111 
MV-5 STA-42/ / 
MY-5 STA-6U / 
HV-5 STA-42/ / 

MY-5 STA-42/ / 
W-5 STA-61/ / 

NY-5 STA-6L/ / 
MV-5 STA-42/ / 
ME-5- STA-61/ / 
MV-5 STA-42/ / 
kSk-5 STA-61/ / 
MV-5 STA-11/ / 
BU-5 ST&-42/ / 
HV-5 STA-61/ / 
nu-5 STA-b1/ / 
MV-5 STA-61/ / 
N-5 S T A - 1 1 /  / 
MV-5 STA-61/ / 
MV15 STh-42/ / 
MV-5 STA-61/ / 
MV-5 S T A - l l l  / 
MV-5 STA-42/ / 
MU-5 STA-61/ / 
MV-5 STA-42/ / 
W-5- STA-61/ / 

nv-5 STA-LU~/ I 

HV-5 S T A - ~ Z /  I 

PASS-DO~? ALP- zoo zi5u)a EOL- ~SJLGWX~ 
PASS-0037 ACQ- 201 082030 EOT- 201 171400 
PASS-0037 ACQ-- 201 155927 €a- 2J2&-2&QLM 
PASS-0038 ACQ- 201 214310 EOT- 202 091540 
PASS-0038 ACQ- 202 133307 EOT- 202 172320 
PASS-0038 ACQ- 202 185440 EOT- 203 020002 
PASS-0039 ACQ- 203 012513 €RT- 20LJELLLlaZ 
PASS-0039 ACQ- 203 080850 EOT- 203 182331 
PASS-0039 ACQ- 203 185200 E m -  2CW oh0000 
PASS-0040 ACQ- 204 003118 EOT- 204 090447 
.PA!iS-O&4Q ACQ- 2 0 4  l3MG?2 E O I - ~ ~ l 4 l J l  
PASS-0040 ACQ- 204 184603 €07- 205 020038 

- PASS-DO41 ACU-- 205 Q l o M O  EllT--WT-aa59% 
PASS-0041 ACQ- 205 075717 EOT- 205 170500 
PASS-0041 ALP- Lo5 1535912UI- 2U5_L33023 
PASS-0041 ACQ- 205 161100 EOT- 205 220500 
PAX-0042 ACO- 20% W 1 5 L  EDZ--2Ob_OfE4Q4 
PASS-0042 ACQ- 206 083000 EOT- 206 170517 
PASS-0042 ACQ- 206 160DQQ €ax-- 2Qh 731)747 
PASS-0043 ACQ- 206 212400 EOT- 207 084800 
PASS-0043 ACQ- 207 074235 E a -  2 1 1 2 1 7 n o n O  
PASS-0043 ACQ- 207 160000 EOT- 207 240000 
PASS-a044 ACQ- 202 ZLWOE!LX-Z@LQ8423.!2 
PASS-0044 ACQ- 208 074039 EOT- 208 162000 
PASS-DO44 ACQ- 208 152540 EoT1_-208 2322(111 
PASS-0045 ACQ- 208 222000 EOT- 209 083700 
PASS-0045 ACQ- 209 073613 €OT- 209 180400 
PASS-0045 ACQ- 209 174700 EOT- 211  014128 
PASS-0046 ACQ- 210 O l O O Q O  €01- 210 a83300 
PASS-0046 ACQ- 210 073024 EOT- 210 180054 
PASS-0046 ACQ- 210 170610 tOT- 211 O l l 7 U  
PASS-0047 ACQ- 211 010000 EOT- 211 082700 
PASS-0047 ACQ- 211 072455 EOT- 211.161oaO 
PASS-0047 ACQ- 211 160400 tOT- 212 003200 
PASS-On48 ACQ- 211 225oaO EOT- 212.082230 
PASS-0048 ACQ- 212 081500 tOT- 212 161500 
PASS-0049 ACQ- 213 000000 ECLT- Ll3 QRL636 
PASS-0049 ACQ- 213 071258 EOT- 213 150900 
PASS-0049 ACQ- 213 145224 EOT- 21431DS00 
PASS-0050 ACO- 214 000000 EOT- 214 060100 
PASS-0050 ACQ- 2 1 4  070650 E O I = 1 1 4  15OWDo 
PASS-0051 ACQ- 214 230000 EOT- 215 070000 
PASS-0051 ACQ- 215 07a300 €OT=-215 -1-5-(1ooo 
PASS-0052 ACQ- 215 225100 EOT- 216 065200 
PASS-0052 ACQ- 216 065808 MT--216 f&52QO 
PASS-0053 ACQ- 216 223718 EOT- 217 075500 
PASS-0053 ACO- 217 065103 MT- 21.7-144100 
PASS-0054 ACQ- 217 223309 EOT- 218 064100 
PASS-0U54 ACQ- 218 O64&34 E€IL--ZZ& Pt44W 
PASS-0055 ACQ- 218 233315 EOT- 219 074400 
PASS-0055 ACQ- 219 Ob4032 €13T--2+9-€3-3&03 
PASS-0055 ACQ- 219 170150 EOT- 219 210000 
PASS-0056 ACQ- 219 203042 EQT= 22&4l?4608 
PASS-0056 ACQ- 220 063438 EOT- 22fl 172755 
PASS-0057 ALP- 221  063220 M T -  Z Z a  -1u-448 
PASS-0058 ACQ- 222 062328 EOT- 222 172143 
PASS-0058 ACQ- 222 172013 EOT- 123-0€1586 
PASS-0059 ACQ- 223 061815 EOT- 223 171902 
PASS-0060 ACQ- 223 201642 EOT- 1 2 4  072000 
PASS-0060 ACQ- 224 061245 EOT- 224 171556 
PASS-0060 AGO- 224 lb3000 EOT- 225-Q0+3QO 
PASS-0061 ACQ- 224 232500 EOT- 225 071500 
PASS-0061 ACQ- 225 060940 EOT- 225 171-202 
PASS-0062 ACQ- 225 201217 EOT- 226 071000 
PASS-OD62 ACQ- 22b 060700 EOT- 226 17-03 

U!&i 2JA=..41L. 1 - -  P9SS-DO30 4(;9----193- 2245LZEB-T- io+  lO45Z5 
MV-5 STA-62/ / PASS-0030 ACQ- 194 085400 EOT- 194 190400 
MV-6 STI--13/ L--m&Q=-m-l6n--- 
MY-5 STA-41/ / PASS-0031 ACQ- 194 224018 EOT- 195 104000 
PULSS-SCA-hU 1 .--PPSS-QQXl ACQ-.. 195 a 8 4 s o O - u U -  L q 5  '9[uuID 
MV-5 STA-62/ / PASS-0032 ACQ- 196 090000 EOT- 196 163000 
& L - 5 - . S A = l Z l  I --PASS-QQ32 ACQ---19b-l556&QIM- 197 024QlCl 
MV-5 STA-41/ / PASS-0033 ACQ- 196 223132 EOT- 197 103000 
PUL-~LSUA~/--J..- P A S S - - ~ ~ ~ ~ ~ L O . . - L ~  -a ECE-=-WLUUW 
MV-5 STA-12/ / PASS-0034 ACQ- 198 154535 EOT- 199 023100 
tW.&.-JS-&-d/ J - P4Ss=OEi!i A s Q - - - l ¶ L 2 2 2 ~ € € a = = ~ ~  
HV-5 STEi-62/ / PASS-0035 ACQ- 199 082911 EOT- 199 184400 
HV==5-- 55A-L21 1 .  PASS-0035- ACQ--L99 lSCC*0-&5T-- uUl-€lESO€l 
MV-5 STA-42/ / PASS-0036 ACQ- 200 021230 EOT- 200 092610 

MV-5 STA-11/ / PASS-0036 ACQ- 200 172530 EOT- 200 231500 
UU-F, s u a u  -J- .-oAss-noai- ACQ- am o~~~ 

rst maneuver plus 2 days through cruise and transition to radial 
Mariner V-earth-Mariner IV position (day 173 through day 223) 
Requested Class I coverage per SlRD - 1 pass/day 
Actual coverage - Average of 2.46 passeslday 
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Table IV-4 (contd) 

Actual coverage provided Requested vs actual coverage 

MV-5 STA-14/12/ 
puL=5--sx'b=42/ / 
MV-5 STA-61/ / 
W-5-5Th=--bZ/ / 
MV-5 STA-61/ / 
YV-5 STA-14/11/ 
W-5 STA-42/ / 
W-&-.STA-blL / 
MV-5 STA-42/ / 
W-5- STL-61/ / 
MV-5 STA-42/ / 
pIlL-S..2iUl-hU. I 
MV-5 STA-14/11/ 
U4i U A - 4 2 1  / 
MU-5 STA-61/ / 
MU-5. STA-421 / 
HV-5 STA-61/ / 
HV--5SIA=-4ZL. L 
MV-5 STA-61/ / 
M k 5  STA-14/11/ 
MV-5 STA-42/ / 
M U 5  STA-6L/ / 
MV-5 S T A - 1 1 /  / 
W 3  -STAYUI 1 
MV-5 STA-61/ / 
ML-5 STA-l l /  / 
MV-5 STA-42/ / 
My.-5 SIA-61/ I 
MV-5 STA-42/ / 
MV-5 STA-61/ / 
MV-5 STA-42/ / 
Mv-5 STA-bl/ / 
MU-5 STA-42/ / 
MV-5 STA-61/ / 
MV-5 STA-42/ / 
MV-5 STA-611 . / 
MV-5 STA-14/ / 
MY-5 STA-421 / 
MV-5 STA-61/ / 
N-5  STA-l l /  / 
MV-5 STA-42/ / 
W-5  STA-bl/ / 
MV-5 STA-42/ / 
W - 5  STA-&l/ / 
MV-5 STA-12/ / 
MVz5 STA-al/ / 
MV-5 STA-12/ / 
MU=% STA-bl/ / 
MV-5 STA-12/ / 
MV=5 STA-62/ / 
MY-5 STA-12/ / 
MU-5. STA-411 / 
MV-5 STA-62/ / 
&U-5 STA-41/ / 
HV-5 STA-62/ / 
MU-5 STA-41/ / 
MV-5 STA-62/ / 
MV-5 STA-41/ / 
MV-5 STA-62/ / 
1%-5 STA-41/ / 
MV-5 STA-b2/ / 
MU-% STA-12/ / 
MV-5 STA-41/ / 
HU-!i STA-62/ / 
MV-5 STA-41/ / 
MV.-5. STA-62/ / 
HV-5 STA-14/12/ 
MU-5 STA-62/ / 
MY-5 STA-12/ / 
MU-5 STA-41/ / 
MV-5 STA-12/ / 
YV-5 STA-41/ 1 
MV-5 STA-62/ / 
MV-5 STA-12/ / 
MV-5 STA-62/ / 
MU-3 STA-14/12/ 
MV-5 STA-62/ / 
MU-5 STA-12/ / 
MY-5 STA-62/ / 

MV-5 STA-41/ / 
MY-5 s ~ ~ - i 4 / 1 2 /  

.. 

. -  

PASS-0062 ACQ- 226 153000 EOT- 226 220100 

PASS-0063 ACQ- 227 055700 EOT- 227 170508 
PASS-0064 ACQ- 227 213454EOT- 228 055500 
PASS-0064 ACQ- 228 055340 EOT- 228 170201 
PASS-0064 ACQ- 228 162200 EOT- 228 220000 
PASS-0065 ACQ- 228 214056 EOT- 229 054500 
PASS-0065 ACQ- 229 054655 EOI- 229 L65&'& 
PASS-0066 ACQ- 229 212735 EOT- 230 054000 
PASS-0066 ACQ- 230 054224 EOT- 230-165530 
PASS-0067 ACP- 230 213009 EOT- 231 053728 

PASS-0067 ACQ- 231  165600 EOT- 232 000234 
PASS-0068 ACQ- 231  212811 EilI=. 2 3 2  053aaO 
PASS-0068 ACQ- 232 053300 EOT- 232 164846 
PASS-0069 ACQ- 232 211729 EOZ- 233 Q5253a 
PASS-0069 ACQ- 233 052850 EOT- 233 164548 

PASS-0070 ACQ- 234 052630 EOT- 234 164306 
PASS-0070 ACQ- 234 152700 EOT- 234 22QMo 
PASS-0071 ACQ- 234 211200 EOT- 235 052345 
PASS-dU71 ACQ- 235 052100 EOT- 235 15454A 
PASS-3071 ACQ- 235 154117 EOT- 235 221500 

PASS-0063 =a- 226 21324.6 a x -  2.27-04a~oo 

epss-nou ACQ- 231 053919- Em.= 2 3 ~  ~652a5 

PASS-M~O ACQ- L ~ L . L L ~ ~ ~ ~ . - B ~ L ~ Q M  

PASS-Do72 ALP- 235 210920 EllT--216A511RQ 
PASS-3072 ACQ- 236 051500 EOT- 236 163607 
PASS-SO72 ACQ- 236 152921 EOT- 2 3 6  2204(111 
PASS-0073 ACQ- 236 210817 EOT- 237 051100 
PASS-0073 ACQ- 237 050922 EOT-237-1h34LL 
PASS-0074 ACQ- 237 205810 EOT- 238 0510 
PASS-0074 ACP- 238 050548 E O I - . 2 3 8  161127 
PASS-0075 ACQ- 238 205340 EOT- 239 050400 
PASS-0075 ACP- 239 05020D ECLT--239 162913 
PASS-0076 ACQ- 239 205706 EOT- 240 045800 
PASS-0076 ACQ- 240 050000 EOT- 24aLh2L44 
PASS-0077 ACQ- 240 204748 EOT- 241 052100 
PASS-0077 ACQ- 241 OU710  E O T = . L b l - L b 2 3 4 6  
PASS-0077 ACQ- 241 163530 EOT- 241 220100 
PASS-0078 ACQ- 241 204020 EOT- 242 a44600 
PASS-0078 ACQ- 242 045033 EOT- 242 162211 
PASS-0078 ACQ- 242 164750 EaT= 242-284500 
PASS-0079 ACP- 242 203955 EOT- 243 045000 
PASS-0079 ACQ- 243 044612 EOT? 243- 1428L6 
PASS-0080 ACQ- 243 203554 EOT- 244 054000 
PASS-0080 ACP- 244 052316 EO?- 244 1 5 W 5  
PASS-0080 ACQ- 244 150003 EOT- 244 235513 
PASS-11081 ACQ- 245 043722 EOT- 245 L U 3  
PASS-9081 ACQ- 245 151041 EOT- 246 000300 
PASS-0382 ACQ- 246 043303 EOT- 246-1,U-547 
PASS-0082 ACQ- 246 122650 EOT- 246 222833 
PASS-0083 ACQ- 247 052900 EOT- 247 16-L5QC 
PASS-0083 ACQ- 247 160000 EOT- 247 223000 
PASS-0084 ACQ- 247 192130 EOT- 243 -5QC 
PASS-0084 ACQ- 248 042500 EOT- 248 103000 
PASS-3085 ACQ- 248 191402 EOT- 249 052W 
PASS-0085 ACQ- 249 042100 EOT- 249 161200 
PASS-0086 ACQ- 249 191200 EOT- 250 CLbu)QO 
PASS-0086 ACQ- 250 041800 FOT- 250 10300C 
PASS-0087 ACQ- 250 191025 €OK- 251. 05L5OC 
PASS-Ou87 ACQ- 251 041000 EOT- 251 l6080C 
PASS-0088 ACQ- 251 190804 EOT- 252 O S K U  

PASS-5089 ACQ- 253 120938 EGT- 25-3&XUXX 
PASS-0089 ACQ- 253 225400 EOT- 254 O l l O O C  
PASS-0090 ACQ- 254 040005 EOT- 254 lOObOC 
PASS-0091 ACQ- 254 190303 EOT- 254 24000C 
PASS-0091 ACQ- 255 040453 EOT- 255 U O U O E  
PASS-0091 ACQ- 255 115100 EOT- 255 2201OC 
PASS-0092 ACQ- 256 040000 EOT- 256--120001; 
PASS-0092 ACQ- 256 130000 EOT- 256 2OOOOC 
PASS-0093 ACQ- 256 185855 EOT- 257 05000( 
PASS-0393 ACQ- 257 113715 EOT- 257 21000( 
PASS-0094 ACQ- 257 185930 EOT- 25'8 05000C 
PASS-0094 ACQ- 258 035948 EOT- 25R 12550( 
PASS-0094 ACQ- 258 113900 EaI- 258 23L75C 
PASS-0095 ACU- 259 035000 EOT- 259 12530( 
PASS-0095 ACQ- 259 11355C EOT- 259 220001 
PASS-0096 ACQ- 260 035040 EOT- 260 12500( 
PASS-0096 ACQ- 260 113500 EOT- E62 22MOI 
PASS-0097 ACQ- 261 040000 EOT- 261 13000( 
PASS-0097 ACQ- 261 113835 ECU- &L 22OOKU 
PASS-0098 ACQ- 261 225931 EOT- 262 06023( 

PASS-OMR ACQ- 252 04iooo EOT- 252 160600 

Mariner V-earth-Mariner IV radial solar position period (day 224 
through day 233) 
Requested Class I coverage per SlRD - 2 passes/day 
Actual coverage - Average of 2.3 passesfday 

rranaition period from radial to spiral position (day 234 through day 252) 
Requested Class I coverage per SlRD - 1 pass/day 
Actual coverage - Averoge of 2.13 passesfday 

Spiral Mariner V-earth-Mariner IV magnetic force line solar position 
period [day 253 through day 257) 
Requested Class I coverage - 2 passesfday 
Actual coverage - Average of 2 passes/day 
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Table IV-4 Icontd) 

Actual coverage provided Requested vs actual coverage 

B!lSJIA=W..  / LASSzQQPBAtP- 21+2 J E O O M  u1I= 262-UaaaO 
MV-5 STA-14/12/ PASS-0098 ACQ- 262 114511 EOT- 262 220000 
Iv--5 5TA--41 f 1_ _eBSS--1109P_BtP=-262&.FflT- 263-Q- 
MY-5 STA-62/ / PASS-0099 ACQ- 263 050000 EOT- 263 130000 
MY=I-.S.IA:lU . I . .PASL-flQ99 Ats-.241 12QQ4L E [ I U h L 2 2 0 0 0 0  
MV-5 STA-41/ / PASS-0100 ACQ- 263 210225 EOT- 264 055700 
M Y 5  S.IA:16112/ 
MV-5 STA-12/ / 
NI-5 S T A - 6 L L -  
MV-5 STA-12/ / 
k lY .=LsIAr4u L .  
MV-5 STA-62/ / 
w-uI.A=lZc 1- 
HV-5 STA-41/ / 
*-2 _sIQ=421. L . 
MV-5 STA-12/ / 
Iyv-5- 5TA-Wf - / 
MV-5 STA-62/ / 
Iriv=5 STA-U/  / 
MV-5 STA-41/ / 
Hv-5 -3xL-U. -.l.. - 
HV-5 STA-62/ / 
HYz5- STA-LZ/ / 
HV-5 STA-41/ / 
m-5- sIA-11/ I 
MV-5 STA-42 / 
mr5 srkhlCbz/ 
MV-5 STA-Ll/ / 
HY3--SIAz41 I 
MV-5 STA-61 / 
k W & . S I A - I U  / 
MV-5 STA-42/ / 
W4--S,-SZni61/. / 
HV-5 STA-11/ / 
U-3 .- STA-42/ / 
HV-5 STA-61/ / 
MV-5 STA-11/ / 
MV-5 STA-421 / 
U-L. STA-611 / . 
MV-5 STA-12/ / 
MY-% STA-41/ / 
MV-5 STA-61/ / 

STA-11/ / 
MU-5 STA-4?/ / 
&U.=5 5TA-62/ / 
MV-5 STA-11/ / 
U--5- STA-14/ / 
MV-5 STA-41/ / 
NV-5 -STA-62/ / 
MV-5 STA-41/ / 
pIV--5- 5IA-62/ / 
MV-5 STA-12/ / 
W-5 518-42.l / 
MV-5 STA-61/ / 
Nv-5- STP-Ll/ C 
MV-5 STA-42/ / 
MV-5 STA-61/ / 
NV-5 STA-14/ / 
MY-5 STA-11/ / 
MY-5 STA-42/ / 
MJIA STA-41/ / 
NV-5 STA-12/ / 
M V . 3  -STA-41/ / 
MV-5 STA-bl/ / 
MV--5 S I A - U /  I 
MV-5 STA-62/ / 
&!&-su-43/ / 
MV-5 STA-14/11/ 
uv-s_5.n-l1/. 1 
MV-5 STA-12/ / 
MV--5 STA-41/ / 
MY-5 STA-62/ / 
HL-5 S I k 1 4 /  / 
MV-5 STA-l1/ / 
MY3-.SIA-l2/ / 
MV-5 STA-41/ / 
HV-5 SZA-621 / 
MV-5 STA-14/ / 
fiY-5. STA-lZ/ / 
MV-5 STA-41/ / 
MY-3 SIA-62/ / 

PASS-OM0 ACQz 2 4 4 l 1 5 5 Q 5 1 ~ ~ 2 6 4 2 2 a a o Q  
PASS-0101 ACQ- 265 120000 EOT- 265 220014 

4 B s k Q U Z - A W -  24h11l1700 FnT- 766 1 3 0 0 M  
PASS-0102 ACQ- 266 124632 EOT- 266 220500 
PASS-_[Il03 ACQ- 21% 22L428 fa7-261- 
PASS-0103 ACQ- 267 050000 EOT- 267 130000 
EASSzOlI1l ACQ- 267 122122 EOT- 24L ZzDaDIl 
PASS-0104 ACQ- 267 220811 EOT- 268 055450 

9ASSrOlfl4 U-- 268 .OfioOaO. EOL--26.a-L245llO 
PASS-0104 ACQ- 268 114200 EOT- 268 194200 

PASS:fllQ5 ACR- 2 6 8  .184205. ERT= A59-04Ql.Qfl 
PASS-0105 ACQ- 269 032600 EOT- 269 123000 
PASS-0105 ACQ- 269 113000 EOT-. 2hLLls3IlIlQ 
PASS-0106 ACQ- 269 183948 EOT- 270 040100 

.PAS%-RlR6 ACQ--LZO a325DQLLU=-2LO-1548M 
PASS-0107 ACQ- 271  032400 EOT- 271 123000 
PASS-0107 ACQ- 2 7 1  1130110 EOT-. 271.193aDa 
PASS-0108 ACQ- 271 184423 EOT- 272 040000 
PASS-0108 ACQ- 272 1212W €OT=1;32U5&05 
PASS-0109 ACQ- 272 202300 EOT- 273 043100 

PASS-0109 ACQ- 273 113300 EOT- 273 225900 
-PASS-OllQ ACQ- -273 215717 EOT- 214 OZ3OQL 
PASS-0110 ACQ- 274 083000 EOT- 274 123000 
PASS-0110 ACQ- 2 7 4  l U 8 3 0  EBT--274 225RL5 
PASS-0111 ACQ- 274 202114 EOT- 275 043700 
PASS-0111 ACQ- 275 a33938 EOT- 2-75 W7.W 
PASS-0111 ACQ- 275 113500 EOT- 275 203700 
PASS-0112 ACQ- 275 200600 EBT--2.?4 043QQO 
PASS-0112 ACQ- 276 040532 CUT- 276 174059 
PASS-3112 ACQ- 276 120900 €OT--27Q 2Q3fidN 
PASS-0113 ACQ- 276 200500 EOT- 277 043500 
PASS-Q1L3 ACQ- 277 035003 LOT= 271 124919 
PASS-0113 ACQ- 277 120630 EOT- 277 173500 
PASS-3114 ACQ- 277 184-827 €OT- 27A 032003 
PASS-0114 ACQ- 278 034410 EOT- 278 120102 
PASS-0114 ACQ- 278 112020 EOT- 278 1951% 
PASS-0115 ACQ- 278 185000 EOT- 279 032200 
PASS-D115 ACR- 279 031000 EOT- 279 112002 
PASS-0115 ACQ- 279 111716 EOT- 279 194500 
PASS-0115 ACQ- 279 114506 EUT- 27% 1659QQ 
PASS-0116 ACQ- 279 191636 EOT- 780 041139 
PASS-0116 ACQ- 283 031500 EOT- 2 8 L I  1M500 
PASS-0117 ACQ- 280 191633 EOT- 281 035G52 
PASS-0117 ACQ- 281 031500 tOT- 2C1 lb4500 
PASS-0117 ACQ- 281 111500 EOT- 281 164500 
PASS-0118 ACR- 281 183000 tOT- 282 0249QO 
PASS4118 ACQ- 282 040000 EOT- 282 130000 
PASS-0118 ACQ- 282 114346 EOT- 282 210000 
PASS-0119 ACQ- 282 195907 EOT- 283 043000 
PASS-0119 ACQ- 283 031929 EOT- 283 130000 
PASS-0119 ACQ- 283 110400 EOT- 283 163500 
PASS-0119 ACQ- 283 120023 EOT- 283 ZlORDO 
PASS-0120 ACQ- 283 201210 EOT- 284 043000 
PASS-0120 ACQ- 284 031712 EOT- 284 130000 
PASS-0120 ACQ- 284 120130 EOT- 284 210000 
PASS-0121 ACQ- 284 195535 EOT- 285 05OOu1 
PASS-0121 ACQ- 285 031614 EOT- 285 100000 
PASS-0121 ACQ- 285 120000 EOT- 285 Z L M M  
PASS-0122 ACQ- 285 040450 EOT- 286 130000 
PASS-0122 ACQ- 285 195547 EOT- 286 5500110 
PASS-0122 ACQ- 286 105848 EOT- 286 224138 

PASS-0122 ACQ- 286 114900 EOT- 286 180000 
PASS-0123 ACQ- 286 195401 EOT- 287 G5000  
PASS-0123 ACQ- 287 040000 EOT- 287 130000 
PASS-0123 ACQ- 287 105829 EOT- 287 224220 
PASS-0123 ACQ- 287 111049 EOT- 287 224120 
PASS-0123 ACQ- 287 120825 EOT- 287 1901)OO 
PASS-0124 ACQ- 287 195819 EOT- 288 050G30 
PASS-0124 ACQ- 288 040000 EOT- 288 U O O O D  
PASS-0124 ACQ- 288 105750 EOT- 288 205000 
PASS-0124 ACQ- 288 115800 EOT- 288 2100110 
PASS-0125 ACQ- 288 200050 EOT- 2H9 050010 
PASS-0125 ACQ- 289 040000 EOT- 289 130000 

P A S S - O ~ ~  KO- 273 43330n +nz--u3--um 

PASS-0122 ACQ- 286 i i i i o ~  EOT- 286 uilo~ 

jpiral Mariner V-earth-Mariner IV magnetic force fine solar position 
period during Mariner V 85-ft antenna grayout region {day 258 
through day 268) 
Requested Class I coverage - 1 pass/day from DSS 14 
Actual coverage - Average of 2.36 passes/day 

Spiral Mariner V-earth-Mariner IV magnetic force line solar position 
period (day 269 through day 278) 
Requested Class I coverage - 2 passes/day 
Actual coverage - Average of 2.7 passes/day 

'eriod of Mariner V encounter testing using Mariner IV (day 279 through 
day 290) 
Requested Class I coverage - 1 pass/day 
Actual coverage - Continuous 
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Actual coverage provided Requested vs actual coverage 

MV-5 STA-14f f 
HV-5 STA-12/ / 
MV-5 STA-411 / 
MY-5 STA-62/ / 
MV-5 STA-14/ / 
NV-5 STA-12/ / 
MV-5 STA-4i/ / 
MV-5 STA-51/ / 
MV-5 STA-62/ / 
MY-5 STA-14/12/ 
MV-5 STA-41/ / 
EIV-5 STA-42/ / 
MV-5 STA-51/ / 
MY-5 STA-62/ / 
MV-5 STA-12f f 
MY-5 STA-14/ / 
MV-5 S T A - l l /  / 
MV-5 STA-41/ f 
MV-5 STA-42/ / 
MV-5 STA-51/ / 
MV-5 STA-62/ / 
MV-5 STA-12/ / 
MV-5 STA-14/ / 
MY-5 STA-l l /  / 
MV-5 STA-4L/ / 
MV-5 STA-41/ / 
MV-5 5TA-51/ / 
MV-5 STA-62/ / 
MV-5 STA-12/ / 
MV-5 S T A - 1 1 /  / 
MV-5 STA-41/ / 
MY-5 STA-51/ / 
MV-5 STA-14/12/ 
M U - 5  STA-41/ / 
MV-5 STA-62/ / 
MV-5 STA-12/ / 
MV-5 STA-41/ / 
MV-5 STA-b2/ / 
MV-5 STA-12/ / 
MV-5 STA-41/ / 
HV-5 STA-62/ / 
MY-5 STA-12/ / 
MV-5 STA-41/ / 
MV-5 STA-62/ / 
MV-5 STA-12/ / 
MV-5 STA-41/ / 

MV-5 STA-61/ / 
MY-5 STA-12/ / 
MV-5 STA-41/ / 
MV-5 STA-bl/ / 
MY-5 STA-12/ f 
MV-5 STA-411 / 
MU-5 STA-41/ / 
MV-5 STA-621 I 
MU-5 STA-12/ / 
8'4-5 STA-41/ / 
MV-5 STA-62/ / 
MV-5 STA-12/ / 
W-5 5TA-12/ / 
MV-5 STA-62/ / 
MY-5 STA-12/ / 
MV-5 STA-62/ I 
W-5 STA-lZ/ / 
MY-5 STA-14/12/ 
MY-5 STA-41/ / 
MU-5 STA-62/ / 
MYy5 STA-I2/ / 

MV-5 s~a-511 

MV-5 
RV-5 
MV-5 
M y  -5 
MV-5 
MY -5 
MY-5 
MV-5 
PV-5 
MV-5 
MV-5 
MY-5 

MV-5 
NV-5 - 

PASS-J125 ACQ- 289 105700 EOT- 289 210000 
PASS-0125 ACQ- 289 120000 EOT- 289 2 1 W M  
PASS-0126 ACQ- 289 195908 EOT- 293 053000 
PASS-0126 ACQ- 290 040000 EOT- 290 140000 
PASS-0126 ACQ- 290 110034 EOT- 290 201855 
PASS-9126 ACQ- 290 120000 EOT- 290 223000 
PASS-0127 ACQ- 290 225320 EOT- 291 033000 
PASS-3127 ACQ- 291  015220 EDT- 291 112200 
PASS-1127 ACQ- 291  030248 EOT- 291 130000 
PASS-0127 ACQ- 291  105718 tOT- 291 223500 
PASS-0128 ACQ- 291 235331 EOT- 292 053334 
PASS-3128 ACQ- 291  180700 EOT- 292 042602 
PASS-Gl28 ACQ- 292 014837 tOT- 292 125025 
PASS-0128 ACQ- 292 025941 EOT- 292 151826 
PASS-0128 ACQ- 292 104800 EOT- 297 224600 
PASS-0128 ACQ- 292 105630 EOT- 192 223%04 
P4SS-0128 BCQ- 292 111309 EOT- 292 224110 
PASS-0129 ACQ- 292 180808 EOT- 293 U53447 
PASS-0129 ACO- 292 180420 EOT- 293 742741 
PASS-dl29 ACQ- 293 014905 FOT- 293 121250 
PASS-0129 ACQ- 293 030223 EOT- 293 151624 
PASS-0129 ACQ- 293 104830 EOT- 293 2245QO 
PASS-0129 ACQ- 293 110022 EOT- 293 223249 
PASS-3129 ACQ- 293 111510 tOT- 2Y3 224650 
PASS-0133 ACQ- 293 180132 EOT- ZV4 042730 
PASS-dl30 ACQ- 293 180246 EOT- 294 053540 
PASS-0130 ACQ- 294 014545 EOT- 204 125100 
PASS-0130 ACQ- 294 030420 LOT- 294 151444 
PASS-0130 ACQ- 294 104751 COT- 294 223250 
PASS-(1130 ACQ- 294 165554 EOT- 294 224200 
P4SS-0131 ACQ- 294 205652 EOT- 292 053400 
PASS-0131 ACQ- 295 042855 EOT- 293 12QCOOQ 
PASS-0131 ACQ- 295 105730 EOT- 295 222956 
PASS-3132 ACQ- 295 202833 EOT- 296 053600 
PASS-0132 ACQ- 296 040000 FOT- 296 120000 
PASS-'l132 ACQ- 296 10480C EOT- 296 214500 
PASS-0133 ACQ- 296 212535 EOT- 297 353700 
PASS-0133 ACP- 297 043000 EOT- 297 120000 
PASS-0133 ACQ- 297 120000 EI IT-  237 195500 
PASS-0134 ACQ- 297 191215 EOT- 299 043030 
PASS-3134 ACQ- 298 031315 EOT- 2 9 8  12300C 
P4SS-3134 ACQ- 298 120003 EOT- 290 211500 
PASS-'1135 ACQ- 298 193740 EOT- 299 043000 
PASS-0135 ACQ- 299 031630 EOT- 299 123000 
PASS-0135 ACW- 299 123000 EOT- 2179 173000 
PASS-0136 ACQ- 299 192104 EOT- 299 235500 
PASS-OL36 ACQ- 300 015216 t O T -  3 0 ?  125400 
PASS-3137 ACQ- 301 031421 EOT- 331 123000 
PASS-fJ137 ACQ- 301  123000 EOT- 301 203005 
PASS-0138 ACQ- 301 192718 EOT- 302 043500 
PASS-3138 ACQ-  302 032329 ELIT- 302 112400 
PASS-0138 ACQ- 302 110000 EOT- 332 20330[1 
PASS-0139 ACQ- 302 192217 EIIT- 353 343000 
PASS-0140 ACR- 3c13 192447 EOT- 334 043000 
PASS-3140 ACQ- 304 032200 FOT- 304 123000 
PASS-3140 ACU- 334 113000 EOT- 304 293LOO 
PASS-0141 ACW- 304 192242 tOT- 305 035002 
PASS-'1141 ACQ- 3G5 032300 tOT- 305 123000 
PASS-0141 ACQ- 305 115010 €OT- 3115 183UOO 
PASS-5142 ACU- 306 114000 EOT- 306 lSC000 
PASS-')143 ACQ- 307 032500 EOT- 307 123000 
PASS-0143 ACQ- 307 113100 EOT- 307 18OCDO 
PASS-J144 ACB- 3 0 8  033010 EOT- 3d8 123000 
PASS-5144 ACU- 308 113000 EOT- 308 203000 
PASS-0145 ACQ- 309 112112 EOT- 339 190500 
PASS-0146 ACQ- 309 192700 €OT- 313 043000 
PASS-0146 ACQ- 310 033000 EOT- 310 123000 
PASS-P146 ACQ- 310 113000 EOT- 310 203QOQ 
PASS-0147 ACQ- 3 1 1  033254 EOT- 311 123000 STA-b2/ / 

STA- l4 /12/ l i  PASS-0147 ACB- 311 111533 EOT- 3 1 2  1bOOOS 
STA-12/ / PASS-J148 ACQ- 312 113000 EOT- 317 160000 
STA-41/ / PASS-0149 ACQ- 312 192011 EOT- 313 043000 
STA-62/ / PASS-1149 ACQ- 313 033240 EOT- 313 121500 
STA-12/ / PASS-0149 ACU- 313 113000 EOT- 313 203000 
STA-621 / PASS-0150 ACQ- 314 033435 EOT- 314 123000 
STA-12/ / PASS-0150 ACQ- 314 113000 EOT- 314 20300Il 
STA-51f f PASS-0151 ACQ- 315 052900 EOT- 315 113000 
STA-121 / PASS-3151 ACQ- 315 112930 EOT- 315 2030QO 
STA-62/ / PASS-5152 ACR- 316 033951 EOT- 316 123000 
STA-14/12/ PASS-0152 ACQ- 316 113730 EOT- 316 2100M 
STA-62/ / PASS-0153 ACQ- 317 043000 EOT- 317 130000 
STA-121 / PASS-0153 ACQ- 317 120000 EOT- 317 220500 

Mariner V encounter and tape playback period (day 291 through day 
302) 
Requested Class I coverage - Continuous [plus DSS 13 and DSS 14 on 
encounter pass) 
Actual coverage-Continuous [plus DSS 13 and DSS 14 on encounter 
pass) 

Mariner IV engineering test period (day 303 through day 319) 
Requested Class I coverage - 1 pass/day 
Actual coverage - Average of 1.8 passes/day 
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Actual coverage provided Requested vs actual coverage 

NV-3 STA-51/  / PASS-0154  ACQ- 3 1 8  0 4 3 2 0 0  FOT- 3 1 8  1 3 0 0 0 0  
NV-5 STA-62 /  / PASS-0155 ACQ- 3 1 9  043000 EOT- 314 1 2 4 5 0 0  
MY-5 STA-12/ / PASS-0155 ACQ- 3 1 9  12000cJ EOT- 3 1 7  213000 
MY-5 STA-621  / PASS-0156 ACQ- 3 2 0  0 4 3 0 0 0  EOT- 32Q 130OOQ 
MV-5 STA-12/  / PASS-0156 ACQ- 3 2 0  1 2 0 0 0 0  EOT- 3 2 3  2 1 0 0 0 0  
MV-5 STA-Sf/  / PASS-3157  ACQ- 321 0 4 2 5 0 0  EOT- 3 2 1  L3OUoB 
MV-5 STA-62/ / PASS-U158 ACQ- 3 2 2  0 4 3 0 0 0  EOT- 3 2 2  1 3 0 0 0 0  
EnY-5 STA-41/  / PASS-0159 ACQ- 3 2 2  2 0 2 8 2 6  EOT- 3 2 3  0500Lo 
MV-5 STA-62/ / PASS-0159 ACQ- 3 2 3  0 4 1 8 2 6  EOT- 3 2 3  1 3 0 0 0 0  
MV-5 S T A - 1 4 / 1 2 /  PASS-0159 ACQ- 3 2 3  1 1 5 3 4 6  EOT- 3 2 3  210b88 
MV-5 STA-41/ / PASS-0160 ACQ- 3 2 3  2 0 2 7 2 8  EOT- 3 2 4  0 5 0 0 0 0  
MY-5 STA-62/ / PASS-0160 ACQ- 3 2 4  0 3 5 8 1 2  EOT- 3 2 4  13OQCQ 
MV-5 STA-12/ / PASS-0160 ACQ- 3 2 4  1 2 3 0 0 0  EOT- 3 2 4  2 2 2 0 0 0  
NU-5 STA-41/  / PASS-0161  860- 3 2 4  2 3 5 8 5 8  EOT- 3 2 5  0 5 0 U O  
MV-5 S T A - 1 4 / 1 2 /  PASS-0161  ACQ- 3 2 5  1 5 2 1 5 4  EOT- 3 2 5  2 0 0 0 0 0  
LV-5 ST4-14 /  / PPSS-G174 ACQ- 3 3 8  1 6 0 2 0 0  E m -  3 3 8  2W63-061 

Mariner IV engineering test period (day 320 through day 325) 
Requested Class I coverage - None 
Actual coverage - Average of 1.83 passes/day 

Mariner IV engineering test period (day 338) 
Requested Class I coverage - None 
Actual coverage - 1 pass/4 hr 

6. In-Flight Non-Critical-The periods during 
which primary or secondary objectives would 
not be adversely affected by loss of data or 
by ion-completion of certain events. 

7. Pre-Flight Non-Critical-The periods during 
which certain desirabIe but not mandatory 
activities should occur to enhance the attain- 
ment of mission objectives. 

8. DSN Development- (Exclusive of critical 
flight support development or maintenance. ) 

9. Post-Flight Data Processing. 

V. Priority Conflict Guidelines 
In the case where two or more projects have an 

activity carrying equal priorities for DSN support 
beyond that expected to be available, the following 
guidelines shall be observed to resolve the conflict: 

A. A planetary mission which has a fixed oppor- 
tunity shall have priority over other missions 
with frequent or regular recurring oppor- 
tunities. 

B. During training and mission simuIation tests, 
those projects with no prior flight experience 
shall have priority over those with previ- 
ously successful missions. 

C .  The occurrence of unusual scientific oppor- 
tunities, such as solar flare events, will be 
considered as in-flight semi-critical activity. 

b. Exceptions to guidelines. The Mariner Venus 67 
project reviewed Guidelines for Scheduling of DSN Sup- 
port for Lunar and Planetary Flight Missions. The guide- 
lines were acceptable with the following exceptions: 

The priority classifications for the Mariner Venus 67 
project will not be approved by the NASA Program 
Manager because of time limitations. 

Existing and predicted limitations of DSN support 
were used in determining the requirements outlined in 
the Mariner Venus 67 project SIRD, dated February 3, 
1967. The requirements outlined in previous editions of 
the Mariner Venus 67 project SIRD recognized no 
limitations. 

Because of the nature of a planetary mission, many 
encounter tests are performed after launch. These tests 
fall into the same category as preflight critical and semi- 
critical tests. Dynamic tests involving the actual in-flight 
spacecraft are categorized as in-flight critical or semi- 
critical, but do not necessarily require critical scheduling. 

All Mariner V tests prior to launch were considered as 
preflight critical and semi-critical tests. All pre-encounter 
tests were also classified in the same categories. 

The classification of flight-coverage requirements for 
Mariner V were as follows: 

(1) SIRD Class I requirements are in-flight critical. 

(2)  SIRD Class I1 requirements are in-flight semi- 
critical. 

(3) SIRD Class I11 requirements are in-flight non- 
critical. 

c. Priority conflicts with other missions. During pre- 
flight testing, in-flight testing, and in-flight operations of 
Mariner V, all priority conflicts were adequately resolved. 
All preflight critical and semi-critical test requirements 
were met. In-flight critical and in-flight semi-critical re- 
quirements established in the SIRD as Class I and Class I1 
requirements, respectively, were satisfied. 

102 JPL TECHNICAL REPORT 32-1203 



' 
PSEUDO-NOISE CODE 

TRANSMITTER 1 

1 1 I 

' 
PSEUDO-NOISE CODE 

TRANSMITTER 1 

REFERENCE 
FREQUENCIES 

Fig. IV-25. Mark I ranging configuration 

REFERENCE 
FREQUENCIES 

5. Mark Z and Mark ZZ ranging ground equipment 

a. Mark Z ranging. The Mariner Venus 67 mission was 
the first in-house mission to use the JPL-developed 
Mark IA pseudo-random code-ranging system. This was 
also the first time that the Mark IA system had been used 
to range a spacecraft beyond lunar distances. 

configuration and utilization. 

The first DC-V9 (turn ranging on) command was trans- 
mitted by DSS 11 on day 171 at 02:39:00 GMT. The 
Mark IA ranging system first became active on day 171 
during the DSS 61 pass. Ranging modulation was applied 
at 11:32:58 GMT, and the ranging receiver was in lock 
at 11:33:34 GMT. The .first range code was acquired at 
12:ll:OO GMT. 

The Mark IA ranging system was used through Lt-22 
days. At LC23 days, an unsuccessful attempt to range 
on the spacecraft occurred. On July 10,1967 (L + 25 days), 
a decision was made to attempt no further ranging with 
the Mark IA system. All ranging accomplished after this 
date would employ the Mark I1 research and develop- 
ment (R&D) ranging subsystem. 

The Mark IA system ranged to a distance of 6 X lo6 km 
from earth to an accuracy of approximately 45 m. 

DIPLEXER 

Figure IV-25 is a block diagram of the Mark IA ranging 
system. Table IV-5 gives a summary of the ranging data. 

DOPPLER 
DOPPLER DETECTOR . m 

b. Mark ZZ ranging. The Mark I1 ranging subsystem 
was designed and developed as one of the Mariner Venus 
67 mission experiments. The purpose of this experiment 
was to range on the Mariner V spacecraft in the vicinity 
of Venus and thus to refine the astronomical unit. The 
R&D ranging subsystem was installed at DSS 14 in May 
1967. Figure IV-26 is a block diagram of the Mark I1 
ranging subsystem. One of the major interfaces between 
Mark I1 ranging and the GSDS receiver was to replace 
the 20-MHz free-running oscillator in the receiver with 
a 10-MHz signal and the required multipliers, which 
were coherently related to the station rubidium standard 
and developed in the Mark I1 ranging subsystem. This 
coherent reference signal was also required and used for 
the occultation experiment. 

DOPPLER DETECTOR 

The first ranging operation on the Mariner V spacecraft 
took place on June 21, 1967. Valid range numbers were 
observed, except for a 3-ps difference between engineer- 
ing predicts and range numbers. This was attributed ,to 
two factors: (1) predicts did not include spacecraft delay 
(933 ns) and (2) the station delay was unknown. The R&D 

DOPPLER 
. m 
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Table IV-5. Mark I ranging data summary - 
DSS 
No. 

61 
1 1  
41 
1 1  
41 
61 
1 1  
61 
1 1  
42 
42 
61 
1 1  
42 
61 - 

~~ 

Standard 
deviation, 

m 

End time Start time End time Start time Standard 
deviation, 

m 

- 
Day 

171 
171 
172 
172 
173 
173 
173 
1 74 
1 74 
175 
176 
176 
176 
177 
177 

- 

- 

- 
Day 

171 
172 
172 
173 
173 
173 
1 74 
1 74 
175 
1 75 
176 
1 76 
177 
1 77 
177 

- 

- 

- 
- 
178 
178 
178 
179 
179 
179 
180 
180 
180 
182 
182 
183 
183 
187 
187 - 

Time, GMT 

20:02:02 
03:49:02 
08:50:02 
02:05:02 
10:44:02 
18:45:02 
03:19:02 
1 9:01:02 
00:59:02 
05:46:02 
10:46:02 
18:00:02 
01 :33:02 
09:07:02 
18:55:02 

lime, GMT 

1 9:4 1 :02 
21 :29:02 
04:10:02 
19:46:02 
03:24:02 
1 1 :33:02 
19:18:02 
1 1 :19:02 
19:30:02 
01 :35:02 
03:34:02 
1 1 :31:02 
19:01:02 
02:21:02 
1 1 :08:02 

Time, GMT 

20:22:02 
07:36:02 
1 1 :36:02 
1 9:17:02 
04:13:02 
12:15:02 
19:59:02 
02:33:42 
10:44:42 
20:27:01 
02:10:42 
19:54:02 
03:52:02 
03:22:02 
12:42:02 

Time, GMT 

02:33:02 
10:52:02 
18:24:02 
02:52:12 
10:53:12 
1 831 :02 
01 :49:02 
08:53:02 
17:35:02 
00:50:02 
09:44:02 
02:45:02 
10:24:02 
09:32:02 
15:00:02 

Day 

177 
1 78 
178 
178 
179 
179 
1 79 
180 
180 
181 
182 
182 
183 
187 
187 - 

17.4 
31.5 
17.5 
21.6 
23.3 
20.8 
32.9 
41.4 
39.2 
31.1 
30.2 
27.8 
36.7 
32.5 
45.2 

44.9 
22.1 
30.9 
32.8 
39.9 
31.9 
39.6 
37.4 
39.4 
38.1 
41.6 
41.4 
46.8 
39.5 
45.3 

1 1  
42 
61 
1 1  
42 
61 
1 1  
42 
61 
12 
42 
12 
42 
42 
62 

ranging operations continued routinely until about mid- 
August, when range data and predicts were in gross dis- 
agreement. This prompted redesigning of the subsystem 
range coders. It was subsequently discovered that the 
predicts were in error; however, the redesign resulted in 
a system that was less susceptible to noise. Because of 
code-acquisition time (a function of signal level), ranging 
was not attempted on Mariner V until after the space- 
craft had switched to its high-gain antenna. Ranging on 
the Mariner V spacecraft was next accomplished on 
October 4, 1967 (day 277). 

The value of the Mark I1 ranging experiment data was 
greatly enhanced as the spacecraft approached the planet 
Venus. The encounter sequence was initially planned to 
stop ranging some 4 h before encounter to allow the 
command loop to be locked up. To obtain maximum 
value from the ranging data, a test was proposed to 
ascertain whether the station uplink could be modulated 
by command and ranging modulation signals simulta- 
neously, and to determine whether there was any inter- 
action between the two. On October 6, 1967, DSS 14 
locked up the spacecraft command loop and ranged the 
spacecraft. No interaction was observed. Later analysis 
showed that there was no significant difference between 
range data with and without command modulation. 
During the mission, no commands were transmitted with 
ranging modulation applied. Ranging on the Mariner V 
spacecraft was performed up to 1 h before encounter. 
Ranging on the spacecraft was accomplished to a dis- 
tance of 98 million h, with an accuracy of approximately 
10 m. 

Table IV-6 gives a summary of the Mark I1 ranging 
data. 

TabIes 1V-7 and IV-8 give a summary of Mark I and 
Mark I1 DSS activities as taken from station post-track 
reports. 

B. Organization and Functions 

1. Flight-path analysb and command. The FPAC team 
was responsible for determining the best estimate of the 
orbit of the spacecraft based upon tracking and appro- 
priate telemetry data. This orbit was then supplied, in 
proper formats, to various users. It was also used to 
generate other data, as described below. Figure IV-27 
indicates the functions performed during the mission. 

The Organization of the FPAC team and its interfaces 
with other functional groups are shown in Fig. IV-28. 
Each organizational group had a specific set of tasks. 

Table IV-6. Mark II ranging data summary 

Start time End time Standard 
deviation, 

m 

DSS 
No. - 

Day - 
172 
191 
204 
205 
209 
279 
286 
287 
291 
292 
293 
295 
309 - 

Time, GMT Time, GMT Day 

172 
191 
203 
204 
209 
279 
286 
287 
29 1 
292 
293 
295 
309 - 

20:40:02 
18:46:02 
19:56:02 
19:39:02 
22:55:02 
12:38:02 
12:04:00 
13:40:22 
15:06:32 
13:06:02 
18:45:52 
12:31:02 
13:l 1:02 

21 :12:02 
21 :50:02 
01 :56:02 
02:00:02 
23:40:02 
14:53:02 
21 :50:02 
22:17:02 
21:13:42 
21 :37:52 
21 :31:02 
21 :08:02 
1 7:5 1 :03 

7.98 
84.1 5 
84.00 
88.65 

1 17.30 
537.00 
840.00 

1 192.50 
880.50 
1359.00 
769.50 
961.50 
1087.50 

14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
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Fig. IV-26. Mark II ranging configuration 
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SSAC @-- 
DIRECTOR 

SPAC 
DIRECTOR 

FPAC --+@ 
DIRECTOR 

d 

@ AFETR DURING LAUNCH PHASE 

@ DSN STATIONS 

@ DSN MONITOR GROUP TO MONITOR DATA QUALITY AND TO RECOVER MISSING DATA 

@) AFTER THE MANEUVER PHASE, THE MIDCOURSE MANEUVER GROUP EFFORTS CONCENTRATE ON THE NEAR-ENCOUNTER TRAJECTORY 

@ OCCULTATION AND CELESTIAL MECHANICS EXPERIMENTERS NEAR THE ENCOUNTER PHASE 

Fig. IV-28. FPAC organization 

TRAJECTORY 
ORBIT 

DETERMINATION 

SYSTEMS 
DATA 

ANALYSIS 

a. Systems duta analysis group. The responsibilities of 
the systems data analysis (SDA) group are described in 
the paragraphs that follow. 

Before launch, spacecraft transponder characteristics 
have been calibrated, and tracking predictions are sent 
to the station for a large set of nominal trajectories. 

Just before liftoff, final measurements are made at the 
Cape Kennedy Deep Space Station (DSS 71). These 
measurements are used by the SDA group, in conjunction 
with the radio system analyst on the SPAC team, to 
predict the spacecraft frequency as a function of time 
after launch. This frequency is then used to generate 
predicted frequencies for the tracking stations to aid in 
signal acquisition. Subsequently, these predictions are 
updated whenever new information becomes available 
(e.g., after launch, after a maneuver, etc.). 

A printed display of the incoming data is monitored in 
real time to evaluate the degree to which the actual signal 
characteristics conform to the predicted values. Pseudo- 
residuals (defined as the difference between observed 
and predicted measurements) are automatically plotted 
in real time to aid in this monitoring effort. 

b. Orbit determination group. The responsibilities of 
the orbit determination group are described below. 

MIDCOURSE 
MANEUVER 

- - - -@- - --- 

Tracking data are accumulated and used to estimate 
the orbital parameters. As soon as possible after launch, 
data-consistency checks are performed by fitting to 
various subsets of the tracking data (e.g., all data are 
used except those from DSS 41; another orbit is then 
fitted with all data except those from DSS 51). If any 
systematic differences are detected, remedial action is 
recommended. 

As late as possible before the maneuver (so as to use 
the most up-to-date tracking data), a final orbit is esti- 
mated and used to compute the actual maneuver that is 
performed. After the maneuver has been performed, and 
sufficient tracking data are accumulated, a postmaneuver 
orbit is estimated. A comparison of these two orbits 
makes an accurate estimate of the maneuver performance 
possible (real-time telemetry gives the first indication; 
the comparison of orbits is generally more precise). 

Before encounter, orbits are estimated in rapid suc- 
cession to observe the spacecraft acceleration, which is 
very sensitive to the exact encounter geometry. Approxi- 
mately 4 h before encounter, the latest orbit is used to 
determine the times at which backup commands should 
be sent to the spacecraft to ensure that the desired 
encounter sequence will be carried out. 
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Table IV-7. Mark I ranging (DSS post-track reports) 

Pass 

07 

08 

08 

09 

09 

171 

172 

172 

173 

173 

Time, OM1 

1 1 :32:58 
1 1 :33:34 
12:11 :oo 
12:25:00 
12:25:18 
12:35:00 
12:35:19 
16:05:00 
16:50:40 
20:10:00 
20:10:19 
20:25:14 
20:26:17 
20:27:2 1 

04:04:23 
04:09:57 
04:20:00 
04:25:00 
09:OO:OO 

1 5 1 7 5 0  
15:30:35 
15;31:50 
15:35:25 
19:48:00 
19:54:00 
20:14:43 

03:11:09 
03:15:20 
03:33:00 
03:38:00 

1 1 :06:00 
1 1 :16:07 
1 1 :32:35 
1 1 :39:00 
15:24:27 
15:29:27 
15:34:10 
15:39:10 
15:44:15 
15:49:20 
18:50:00 
18:50:26 
19:OO:OS 
19:08:04 
19:08:08 
19:14:30 
19:18:40 
19:23:10 
19,28:05 
19:30:00 
19:33:00 
19:40:30 
19:43:21 
19:47:00 
19:55:00 

Station 

DSS 61 

DSS 41 

DSS 61 

DSS 41 

DSS 61 

Comments 

Ranging modulation on. 
Ranging receiver in lock 
Ranging code acquired. 
Ranging modulation off. 
Ranging receiver out of lock. 
Ranging modulation on. 
Ranging receiver in lock. 
Ranging code acquired. 
Ranging code acquired. 
Ranging modulation off. Time-correlation test complete. 
Ranging receiver out of lock. 
Ranging receiver in lock. 
Ranging modulation on. 
Ranging modulation off. 

Ranging modulation on. 
Ranging acquired. 
Time-correlation commenced. 
Time-correlation completed. 
Ranging modulation off. 

Ranging modulation on. 
Ranging to test mode. 
Ranging to normal. 
Ranging modulation off. 
Ranging receiver i n  lock. 
Ranging modulotion on. 
Ranging modulation off. 

Ranging modulotion on. 
Ranging acquired. 
Time-correldtion commenced. 
Time correlation completed. 

Ranging modulation on. 
Ranging receiver in lock. 
Acquired ranging code. 
Good ranging number acquired. 
Ranging receiver in lock. 
Acquired ranging code; bad number. 
Acquired ranging code; good number. 
Acquired ranging code; bad number. 
Acquired ranging code; good number. 
Acquired ranging code; good number. 
Ranging modulation off. 
Ranging receiver out of lock. 
Ranging modulation on. 
Ranging receiver in lock. 
Ranging receiver out of lock. 
Ranging receiver in lack. 
Acquired ranging code. 
Acquired ronging code; bad number. 
Acquired ranging code; bad number. 
Acquired ronging code; bad number. 
Acquired ranging code; bad number. 
Ranging receiver out of lock. 
Ranging receiver in lock. 
Acquired ranging code; bad number. 
Acquired ranging code; bad number. 
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Table ,W-7 (contdl 

Parr 

10 

10 

11 

12 

174 

174 

175 

176 

Time, GMT 

03:07:00 

03:18:00 

03:38:00 
03:40:00 
03:42:00 

05:53:00 
08:15:40 
08:16:38 
08:20:20 
08:23:20 
0 8 5 1  :37 
09:02:45 
09:40:00 
10:45:00 
10:50:00 
1 0:50:2 1 
11 :10:38 

1 0:4 1 :44 
10:50:26 
1 1 :10:00 
1 1 :10:56 
1 8 6 1  :00 
18:56:00 
19:OO:OO 
19:03:00 
19:06:09 
19:06:30 
19:16:22 
19:21:01 
19:53:00 
19:58:00 
20:02:00 
20:05:00 

00:43:46 
01 :02:00 
01 :09:00 
01 :25:00 
01 :25:50 
01 :35:09 
01 :46:00 
01 :49:00 
05:SO:OO 
05:58:20 

03:17:12 
03:24:00 
03:34:00 
03:35:00 
0346:02 
04:22:00 
04:34:00 
04:44:00 
05:39:15 
09:40:50 

Station 

DSS 42 

DSS 61 

DSS 42 

DSS 42 

Comments 

DSS 11 ranging receiver locked. 
DSS 42 n o  ranging receiver lock. 
No ranging signal into DSS 42. Time correlation put off 

Ranging modulation on. 
Ranging receiver not in lock. 
DSS 11 ranging receiver in lock. DSS 42 still unable to 

Still investigating ranging fault. 
Ranging modulation off for testing. 
Ranging modulation on. 
Ranging modulation off. 
Ranging modulatian on. 
Ranging modulation off. 
Ranging modulation on. 
Ranging code acquired. 
Ranging modulation to clock only. 
Ranging modulation off. 
Ranging receiver out of lock. 
Ranging receiver in lock with 61 code. 

Ranging receiver in lock. 
Ranging receiver out of lock. 
Ranging modulation on. 
Ranging receiver in lock. 
Started time correlation test with DSS 11. 
Completed time correlation test with DSS 1 1. 
Started time-correlation test with DSS 1 1. 
Completed time-correlation test with DSS 1 1. 
Ranging modulation off. 
Ranging receiver out of lack. 
Ranging modulation on. 
Ranging receiver in lock. 
Started time-correlation test with DSS-11. 
Completed time-correlation test with DSS-1 1. 
Started time-correlation test with DSS 1 1. 
Completed time-correlation test with DSS 1 1. 

Ranging modulation on. 
Time correlation with DSS 1 1. 
Ranging modulation off. 
Ranging modulation on. 
Ranging receiver in lack. 
Acquired ranging code; good ranging number. 
Acquired ranging code; good number. 
Time correlation for 5 min. 
Ranging modulation off. 
Cyclic event ranging off on spacecraft. 

Ranging modulation on. 
Ranging receiver in lock. 
Good ranging number. 
Ranging number bad. Lost clock lock. 
Good ranging number. 
Good ranging number. 
Dropped clock lock. 
Dropped clock lock. 
Ranging code off. Radiating ranging clock only. 
Ranging receiver out of lock. 

until after DSS 42 acquires two-way. 

acquire ranging. 
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Table IV-7 (contd) 

Pass 

12 

12 

13 

13 

14 

14 

176 

176 

177 

1 77 

178 

178 

Time, GMT 

09:45:40 
09:45:50 
09:46:59 
09:48:00 
09:56:00 
10:48:25 

10:33:55 
18:05:25 

00:1020 
00:43:29 
00:43:50 
00:53:00 
00:54:00 
01 :28:00 
01 :51:18 
03:42:00 
04:57:00 
05:05:00 
05:24:02 

05:57:00 
06:l 1 :02 

06:21:00 
06:34:14 
08:24:00 
08:37:00 
09:21:00 
09:49:30 
10:44:00 

10:58:37 
10:59rlO 
18:53:00 
19:02:00 
19:05r00 
1 9:05:3 1 

02:OO:OQ 
02:10:00 
02:20r20 
02:23:00 
02:38:00 
02:39:29 

07:08:00 
08:22:30 
08:32:00 
10:19:30 
10:48:00 
10:53:56 

1O:l 8:l 0 
10:48:00 
10:53:00 
10:53:30 
1 1 :19:00 
1 1 :19:25 
12:13:04 

Station 

DSS 42 

DSS 61 

DSS 42 

DSS 61 

DSS 42 

DSS 61 

Comments 

Ranging code on. 
Reset ranging. 
Ranging receiver in lock. 
Started to acquire ranging code. 
Acquired ronging code. 
Ranging modulation off. 

Ranging receiver in lock. 
Ranging receiver out of lock. 

Acquired ranging code. Interrogation switch 14. 
Acquired ranging code. 
Started second ranging code acquisition. 
Acquired ranging code. 
Starting third acquisition. Interrogation switch 15. 
Ranging code acquisition unsuccessful. 
Ranging modulation on. 
Ranging code out of  lock. 
Ranging modulation off. 
Ranging modulation on. Commence code acquisition. 
Ranging code acquisition; good number. Ranging code off. 

Lost ronging clock lock. Acquiring ranging code. 
Ranging code ucquired; good number. Ranging code 

off. On clock. 
Ranging code lost. 
Ranging code acquired. 
Clock lock lost. 
Ranging code acquired. Back to clock only radiated. 
Dropped clock lock! reacquiring. 
Ranging code acquired. False acquisition; reacquiring. 
Ranging modulation off. 

Ranging modulation on. 
Ranging receiver in lock. 
Started time correlation. 
Completed time correlation. 
Ranging modulation off. 
Ranging receiver put of lock. 

Ranging receiver in lock. 
Started ranging code acquisition; switch position 14. 
Acquired ranging code. Ready for time correlation. 
Start time correlation for 5 min. 
Start time correlation for 3 min. 
Ranging receiver out of lock. DSS 1 1  ranging modulation 

Ranging modulation on. 
Code acquired. Interrogation NO. 14. 
Clock modulation only. 
Ranging code on. 
Time correlation with DSS 61. 
Ranging receiver out of lock. 

Ranging modulation on. 
Time-correlation test started with DSS 42. 
Time-correlation test completed with DSS 42. 
Ranging modulation off. 
Ranging modulation on. 
Ranging receiver in lock. 
Ranging modulation off. 

On clock. 

of f  a t  20:39. 
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Table IV-7 (contd) 

Pass 

14 

15 

15 

16 

16 

178 

179 

179 

180 

180 

lime, OM1 

13:41:10 
13:41:45 
18:20:00 
18:28:00 
18:30:00 
18:30:29 

02:12:40 
02:23:00 
02:32:00 
02:55:00 
03:20:00 
03:21:00 
03:55:00 
04:04:00 
04:14:00 
05:OO:OO 
05:03:00 
05:14:00 
05:23:30 
1 o:oo:oo 
10:53:00 
1 1 :oo:oo 
11:01:00 
1 1 :09:08 

1O:l 1 :35 
10:17:23 
1 1 :01 :oo 
11:01:33 
1 1 :23:50 
1 1 :24:29 
18:SO:OO 
18:55:00 
18:55:20 
18:55:58 

02:22:00 
02:28:00 
02:34:00 
02:54:00 
03:03:00 
03:09:00 
03:17:00 

1 o:oo:oo 
10:28:27 
10:40:30 
10:44:00 
10:52:00 
10:53:00 
10:54:00 
10:59:00 
1 1 :05:02 

10:28:00 
10:53:00 
10:59:00 
17:40:00 
17:40:35 

Staiion 

DSS 61 

DSS 42 

DSS 61 

DSS 42 

DSS 61 

Corn m e n t s 

Ranging modulation on. 
Ranging receiver in lock. 
lime-correlation test started with DSS 11. 
lime-correlation test completed with DSS 1 1. 
Ranging modulation off. 
Ranging receiver out of lock. 

Ranging receiver in lock. 
Code acquired ranging NO. 1781. 
Code acquired ranging No. 1576. 
Ranging modulotion off. 
Ranging modulation on. 
Ranging receiver in lock. 
Ranging receiver lock broken as ranging numbers wrong. 
Ranging receiver in lock. 
Ranging numbers as per predicts. 
Ranging modulation on. 
Ranging receiver in lock. 
Ranging number good as per predict. 
Ranging number good as per predict. 
Ranging interrogation setting 15. 
Start time correlation check with DSS 61. 
Complete time correlation. 
Ranging modulation off. 
Ranging receiver out of lock. 

Ranging modulation on. 
Ranging receiver in lock. 
Ranging modulation off. 
Ranging receiver out of lock. 
Ranging modulation on. 
Ranging receiver in lock. 
Started time-correlation test with DSS 1 1. 
Completed time-correlation test with DSS 11. 
Ranging modulation off. 
Ranging receiver out of lock. 

Ranging modulation on. 
Ranging VCO reads 498.606.4 Hz. 
Ranging code acquired; good number. 
Ranging code acquired; good number. 
Start time correlation with DSS 1 1. 
End time correlation. 
Time-correlation numbers look wrong. Counter probably 

triggering incorrectly. 
Ranging modulation off. 
Ranging modulation on. Interrogation switch 14. 
Code acquired. 
Reset and reacquired code. 
Code acquisition. 
Start time correlotion with DSS 61. 
Two codes do not agree. 
Time correlation complete. 
Ranging receiver out of lock. 

Ranging modulation on. 
Started time-correlation test with DSS 42. 
Completed time-correlation test with DSS 42. 
Ranging modulation off. 
Ranging receiver out of lock. 
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Table ,IV-7 kontdl 

Pass 

16 

17 

18 

18 

18 

180 

181 1182 

182 

182 

182/183 

Time, GMT 

18:27:57 
18:30:24 
18:30:25 
1 8:31:00 
19:05:00 
19:05:3 1 

20:00:00 
20:15:30 
20:27:0 1 
00:55:00 
01 :22:30 
01 :39:38 
02:17:00 
02:22:00 
02:44:59 
02:49:00 
02:54:00 

01 :22:02 
01 :32:20 
01 :53:00 
02:22:15 

02:27:00 
02:44:55 
02:54:00 
09:5 1 :00 
10:33:00 
10:35:00 
10:57:10 
10:57i45 

10:16:00 
15:00:30 
15:33:56 
15:38:44 
15:41:44 
15:52:06 
15:53:52 
15:57:1 1 
16:49:15 
16:50:15 
16:52:48 
16:53:08 
1 6:54:19 
16:57:00 
17:13:00 
17:17:00 
17:18:38 
17:21 :12 
17:31:14 
18:04:50 
18:24:00 
18:24:34 

18:06:29 
18:24:00 
18:36:50 
18:40:55 
18:54:00 

Station 

DSS 61 

DSS 12 

DSS 42 

DSS 61 

DSS 12 

Comments 

Ranging modulation on. 
Ranging recriver in lock. 
Ranging receiver out of lock. 
Ronging receiver in lock. 
Ranging modulation off. 
Ranging receiver out of  lock. 

Ranging modulation on. 
Ranging receiver in lock. 
Acquired ranging code. 
Ronging modulation off. 
Ranging modulation on. 
Acquired ranging code. 
Started time-correlation test with DSS 42. 
Completed time-correlation test with DSS 42. 
Acquired ranging code. 
Started time-correlation with DSS 42. 
Completed time-correlation check. 

Ranging moduloiion on. 
Ranging receiver in lock. VCO 498.606.8 Hz. 
Ranging receiver malfunctioning. 
Time Correlation completed with DSS 12. Started 

reocquirition code. 
Ranging receiver malfunctioning. 
Ranging code  acquired. 
Time correlation with DSS 12. 
Ranging modulation off. 
Ranging modulation on. Ranging receiver in lock. 
Ranging receiver malfunctioning. 
Ronging receiver malfunctioning. 
Ranging modulation off. 

Ranging modulation on. 
Ranging receiver in lock. 
Ranging receiver malfunctioning. 
Ranging receiver malfunctioning. 
Ranging receiver malfunctioning. 
Ranging receiver malfunctioning. 
Ronging receiver malfunctioning. 
Ranging receiver malfunctioning. 
Ranging receiver malfunctioning. 
Ranging receiver malfunctioning. 
Ranging receiver malfunctioning. 
Ranging receiver malfunctioning. 
Ranging receiver malfunctioning. 
Ranging to clock mode. 
Ranging clock acquisition. 
Back to code  mode. 
Ranging receiver malfunctioning. 
Ranging receiver malfunctioning. 
Ranging receiver malfunctioning. 
Ranging receiver malfunctioning. 
Ronging modulation off. 
Ranging receiver out of lock. 

Ranging modulaton on. 
Ranging modulation off. 
Ranging modulation on. 
Ranging receiver in lock. 
Acquired ronging code; interrogation setting 16. 
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Table IV-7 (contdl 

Day 

172 

189 

191 

2031204 

Pass 

Time, GMT 

20:32:00 
20:37:00 
20:39:28 
21 :02:00 
21 :20:00 
22:20:00 
22:22:34 
22:24:28 
20:25:31 
21 :35:42 
17:33:50 
18:08:02 
1 8:14:20 
1 8:17:00 
18:28:10 
18:30:00 
19:30:25 
19:40:00 
19:43:40 
20:00:00 
20:03:00 
21 :53:00 
19:47:00 
19:55:00 
20:10:50 
20:22:18 
22:54:59 

18 

19 

23 

24 

26 

Pass 

08 

25 

27 

39 

18211 83 

183 

187 

188 

190/191 

Time, GMT 

02:53:00 
02:53:38 

02:30:00 
02:31:50 
02:49:00 
02:53:00 
02:53:39 
03:15:00 
03:51:15 
10:33:00 

00:50:00 
01 :04:30 
03:22:00 
03:22:10 
09:42:00 
1 0:Ol :oo 
10:07:20 

23:26:00 

03:20:00 
09:44:47 

Station 

DSS 12 

DSS 42 

DSS 42 

DSS 41 

DSS 41 

Comments 

Ranging modulation off. 
Ranging receiver out of  lock. 

Ranging code acquired. 
Reset and reacquisition code. 
Ranging code acquired; not same first 3 digits as before. 
Time correlation complete with DSS 12. 
Ranging receiver out of lock. 
Ranging modulation on. 
Ranging code acquired; interrogation switch 15. 
Ranging modulotion off. 

Ranging modulation on. 
Ranging receiver in lock. 
Acquisition ranging code; good number. 
Ranging code only radiated. 
Ranging modulation off. 
Ranging modulation on. 
Ranging modulation off. 

Ranging modulation on. Several ranging acquisitions made, 
but no good acquisitions obtained. 

Ranging modulation on. 
Ranging modulation off. 

Table IV-8. Mark I I  ranging (DSS post-track reports) 

Station 

DSS 14 

DSS 

DSS 

2 

4 

DSS 14 

Comments 

Ranging modulation on. 
Ranging first acquisition completed. 
Ranging second acquisition completed. 
Ranging third ocquisition completed. 
Ranging modulation off. 
Ranging modulation on. 
Ranging first ocquisition comp:eted. 
Ranging second acquisition completed. 

Ranging modulation on. 
Ranging modulation off. 

Ranging loop in lock; test completed. 
Ranging modulation on. 
Acquired ranging modulation. 
Reacquired ranging modulation. 
Reacquired ranging modulation. 
Reacquired ranging modulation. 
Ranging in lock. 
Ranging out of lock. 
Ranging in lock. 
Ranging out of lack. 
Ranging in lock. 
Ranging modulation off. 

Ranging modulation on. 
Ranging in lock. 
Ranging out of lock. 
Ranging in lock. 
Ranging out of lock due to power surge. 
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Table IV-8 (contdl 

Pass 

39 

40 

45 

115 

119 

119 

122 

125 

Day 

2031204 

204 

209 

279 

283 

283 

286 

289 

Time, GMT 

23:15:35 
01 :59:00 

19:25:00 
19:28:37 

18:54:30 
20:21 :oo 
20:30:00 
20:39:10 
21:19:20 
22:34:30 
23:4 8:OO 
23:50:00 

12:25:00 
12:40:00 
13:03:00 
13:27:00 
13:51:45 
14:16:00 
14:18:00 
14:20:00 
14:22:00 
14:24:00 
14:26:00 
14:28:00 
14:30:00 
14:43:00 

1 1 :46:00 
12:17:00 
13:07:00 
13:20:00 
13:40:00 
15:50:00 
16:12:00 

13:04:00 
13:19:00 
13:30:56 
13:41:00 
14:05:00 
14:17:01 
14:43:00 
14:47:00 
16:49:00 
17:00:46 
18:12:07 
18:15:51 
19:01:06 
19:05:28 
20:00:00 
20:03:15 
21 :oo:oo 
2 1 :03:37 
21 :56:00 
22:01:15 

10:34:00 
13:45:00 
16:37:00 
16:48:20 

Station 

DSS 14 

DSS 14 

DSS 14 

DSS 14 

DSS 14 

DSS 14 

DSS 14 

DSS 14 

Comments 

Ranging in lock; dato condition 4. 
Ranging modulation off. 

Ranging modulation on. 
Ranging in lock; data condition 6. 

Ranging modulation on. 
Ranging modulation on. 
Ranging modulation on. 
Ranging modulation off. 
Ranging modulation on. 
Ranging modulation on. 
Ranging indicating false lock. 
Ranging modulation off. Ranging terminate 

Ranging modulation on. 
Ranging in lock. 
Ronging modulation off. 
Ranging modulation on. 
Ranging in lock. 
Ranging modulation off. 
Ranging modulation on. 
Ranging modulation off. 
Ranging modulation on. 
Ranging modulation off. 
Ranging modulation on. 
Ranging modulation off. 
Ranging modulation on. 
Ranging in lock. 

Ranging modulation on. 
Ranging modulation off. 
Ranging modulation on. 
Ranging acquired. 
Ranging modulation off. 
Ranging modulation on. 
Ranging modulation off. 

Ranging modulation on. 
TDH patched wrong in last range digit-TFR 101 703. 
Reacquired ranging. 
Ranging modulation off. 
Ranging modulation on. 
Ranging acquisition. 
Ranging computer failed-reprogrammed. 
Ranging modulation off. 
Ranging modulation on. 
Ranging in lock. 
Ranging out of lock. 
Ranging in lock. 
Ranging aut of lack for reacquisition. 
Ranging acquired. 
Ranging out of lock for reacquisition. 
Ranging acquired. 
Ranging out of lock for reacquisition. 
Ranging acquired. 
Ranging modulation off. 
Ranging out of lock. 

Ranging precals complete. 
Ranging modulation on. 
Ranging modulation on. 
Ranging acquired. 
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Table IV-8 (contdl 

Pass 

125 

126 

1 27 

128 

129 

114 

289 

290 

291 

292 

293 

Time, GMT 

17:05:00 
17:07:25 
17:24:00 
19:OOOO 
19:13:17 

15:05:00 

16:24:00 
17:32:00 

12:00:00 
12:14:47 
12:26:41 
13r30:OO 

i9:4a:2i 

I s:23:3a 

i7:4a:si 

i 3 m : o a  

i ~ 4 : o a  

1 5:34:0a 

i 6 m : o a  

1 a:o4:00 
1 a:i 7:06 

14:30:00 

15:30:00 

16:30:00 

17:29:00 

20:14:00 
20:59:03 
21:13:27 
21 :24:00 

12:35:00 
i 2 . ~ a : 3 5  
1 2 6 3 6 5  
14:20:00 
15:47:22 
16:00:24 
16:04rOO 
16:09:27 
16:30:00 
19:13:00 
19:33:15 
20:23:00 
20:37:43 
20:4a:oo 

12:23:24 
16:03:00 
16:07:32 
17:03:00 
17:04:34 
1 a:o3:00 
I a:o7:25 
19:01:39 
19:04:24 
20:00:00 
20:07:24 
21 :oo:oo 
21:10:56 
2 1 :39:00 

Station 

DSS 14 

DSS 14 

DSS 14 

DSS 14 

DSS 14 

Comments 

Ranging out of lock for reacquisition. 
Ranging acquired. 
Ranging modulation off. 
Ranging modulation on. 
Ranging acquired. 
Ranging modulation off. 

Ranging modulation on. 
Ranging acquired. 
Ranging modulation off. 
Ranging modulation on. 
Ranging acquired. 
Ranging modulation on. 
Acquired ranging lock. 
Reacquired ranging lock. 
Started ranging reacquisition. 
Reacquired ranging lock. 
Started ranging reacquisition. 
Acquired ranging code; good data. 
Started ranging reacquisition. 
Ranging acquired. 
Started ranging reacquisition. 
Ranging acquired. 
Ranging modulation off. 
Ranging modulation on. 
Ranging acquired. 
Ranging modulation off. 
Ranging modulation on. 
Ranging acquired. 
Ranging modulation off. 

Ranging modulation on. 
Ranging acquired. 
Ranging out of lock for reacqwisition. 
Ranging modulation off. 
Ranging modulation on. 
Ranging acquired. 
Started ranging reacquisition. 
Ranging reacquisition completed. 
Ranging modulation off. 
Ranging modulation on. 
Ranging acquired. 
Started ranging reacquisition. 
Ranging acquisition completed. 
Ranging modulation off. 

Ranging acquired. 
Ranging out of lock for reacquisition. 
Ranging acquired. 
Ranging out of lock for reacquisition. 
Ranging acquired. 
Ranging aut of lock for reacquisition. 
Ranging acquired. 
Ranging out of lock for reacquisition. 
Ranging acquired. 
Ranging out of lock for reacquisition. 
Ranging acquired. 
Ranging aut of lock for reacquisition. 
Ranging acquired. 
Ranging modulation off. 

8 
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Table IV-8 (contd) 

Pass 

131 

145 

147 

152 

161 

295 

309 

31 1 

31 6 

325 

Time, GMT 

12:15:00 
12:29:59 
13:40:23 
13:40:25 
14:26:04 
17:04:00 
17:08:48 
18:05:00 
18:lO:l 8 
19:Ol:OO 
19:06:18 
2 1 :15:00 
12:25:00 
12:41:43 
19:03:15 
15:35:00 
15:59:00 
12:40:00 
12:57:00 
13:06:04 
13:19:00 
13:35:00 

20:59:00 
15:57:53 
16:20:00 
16:50:00 
16:53:00 
17:36:00 
1 8:14:00 

Station 

DSS 14 

DSS 14 

DSS 14 

DSS 14 

DSS 14 

After encounter, the orbit can be estimated very accu- 
rately because of the sensitivity of the tracking data to 
the near-planet geometry. This final orbit is used by the 
experimenters to evaluate their data. 

c. Traiectoy group. The responsibilities of the trajec- 
tory group are outlined below. 

Typical trajectories are generated before launcl. so that 
all project elements can prepare for the expected space- 
craft behavior. 

During the launch countdown, the nominal trajectory 
based upon expected liftoff time is generated. This is 
repeated immediately after launch if the liftoff time is 
different from that anticipated. 

Whenever an updated orbit determination is made, a 
new trajectory is computed with the required printout 
intervals and associated trajectory quantities (e.g., angles 
between earth, sun, and spacecraft) so that spacecraft 
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Comments 

Ranging modulation on. 
Ranging acquired. 
Ranging out of lock. 
Ranging reacquired. 
Ranging acquisition completed. 
Started ranging acquisition. 
Ranging acquisition completed . 
Started ranging acquisition. 
Ranging acquisition completed. 
Started ranging acquisition. 
Ranging acquisition completed. 
Ranging modulation off. 
Ranging modulation on. 
Ranging acquired. 
Ranging modulation off. 
Ranging modulation on. 
Ranging modulation off. 

Ranging modulation on. 
Acquired ranging code. 
Malfunction in primary power ranging code dropped out. 
Cannot reacquire ranging code; reprogramming computer. 
Ranging computer will not accept program. Working 

Ranging modulation off. 

Ranging modulation on. 
Started ranging acquisition. 
Ranging acquisition incomplete. 
Started new range acquisition. 
Started new range acquisition. 
Ranging modulation off. 

a n  computer. 

performance and science data can be adequately eval- 
uated. A special format containing quantities of interest 
to the Public Information Office is also generated. 

d.  Midcourse maneuuer group. The duties of the mid- 
course maneuver group are described below. 

Maneuver capabilities are computed before launch, 
and plotted in a convenient format so that a rough 
evaluation of the midcourse-maneuver requirements can 
be made as soon as the first orbit estimate is available. 

After a definitive orbit has been determined (usually 
about 25-30 h after launch), a maneuver study is initiated 
to investigate alternate possible maneuvers that may be 
performed. 

Based upon the desired maneuver chosen as a result of 
the maneuver study, and upon an updated orbit using 
the latest tracking data, the desired maneuver is com- 
puted. A command message is generated, including a 
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punched-paper tape that can be transmitted via teletype 
to the proper tracking station for transmission to the 
spacecraft. 

e. Planning and performance. Prior to the launch 
phase, detailed studies were carried out to evaluate the 
effectiveness of all possible tracking patterns. A minimum 
acceptable pattern was defined and requested. The actual 
coverage was augmented by additional coverage, as 
available. The in-flight results showed that it was possible 
to compute orbits with the necessary accuracy in a near- 
optimum schedule. 

Operational interruptions to the flow of tracking data 
impeded the semi-automatic logging of this large volume 
of data. As a result, a considerable effort was made to 
ensure that all of the available data were used in the 
orbit computations. Additional efforts were necessary to 
coordinate station transmitter on and off times with the 
data, and with the proper transmitter frequency. These 
conditions should logically be transmitted to the SFOF, 
along with the raw data (rather than in separate reports). 
Future mission plans will include these procedural 
changes. 

Elaborate sequences were developed for critical mis- 
sion phases. These sequences contained both nominal and 
nonstandard branches. In practice, it was shown that mis- 
understandings of operational requirements resulted in 
unexpected deviations from these sequences (none of 
catastrophic nature). Future mission sequences will have 
to clearly indicate tolerances associated with all events to 
clarify the actual requirements to operational personnel. 

2. Space science analysis and command. The SSAC 
group was the active arm of the space sciences division 
during the flight of Mariner V. Its members were drawn 
from the cognizant personnel for each of the scientific 
instruments and for the data automation system. The 
SSAC included such ancillaries as a logging function and 
ground data handling. The performance of the various 
instruments and of the data automation system, as well 
as the intricacies of ground data handling, are discussed 
elsewhere. The functions and responsibilities of the SSAC 
were as follows: 

(1) Monitoring of data from the scientific instruments 
(this was done in real time during crucial phases of 
the mission, and on a daily basis at other times). 

(2)  Reporting of data anomalies that might suggest 
instrument or spacecraft malfunction. 

(3) Reporting periods for which the data are of par- 

(4) Reporting results that might aid the SPAC team in 
evaluating the condition and performance of the 
spacecraft. 

ticular scientific interest. 

(5) Providing the spacecraft manager with information 
regarding the relative scientific merit of various 
proposals during the mission. 

(6) Rendering assistance to the principal investigators 
and the members of their teams in the interpre- 
tation of data. 

, (7) Establishing standards for the MDL, and ensuring 
that these standards are met. 

The ground data handling section describes the treat- 
ment accorded the data stream from the spacecraft 
before it was presented to the members of the SSAC. 
In general, each member was presented with that portion 
of the data of interest to him, in a form best calculated 
to reveal the condition of the instrument and the quality 
of the measurements. All members of the SSAC had 
telephones and headsets that gave them access to appro- 
priate networks for communication of results to the SSAC 
director and to others for whom this information could 
be of immediate value. 

The SSAC was located in the MSA. In an area physi- 
cally removed from the MSA, the same data were pre- 
sented to the principal investigators and their teams. 
Direct communication was also maintained with the SSAC 
director. This minimized confusion in the MSA, and pro- 
vided for the principal investigators. 

To provide for failure of some elements in the ground 
communication system, two backup modes were available 
in the SSAC area. The first of these consisted of two 
Ww/m TTY machines, which presented the raw data 
stream in octal form. The second was a real-time data 
translator. Both of these were useful at times, but their 
primary value lay in providing assurance that the data 
were not being lost. 

Throughout the greater part of the mission, the 
Mariner V spacecraft was accorded 2 passedday (16-18 h) 
by the DSN. From launch through the midcourse ma- 
neuver, and throughout encounter, 24-h coverage was 
provided. Arrangements were also made that, in caserof 
spacecraft difficulties or a period of major scientific 
interest, full (24-h) coverage would be given. 
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The members of the SSAC were trained in their duties 
using data from the flight spacecraft while it was at JPL 
and before launch from Cape Kennedy. Simulated data 
were also prepared for use in the training exercises. 
Numerous forms of electrical interference, as well as 
difficulties in exercising some of the instruments properly, 
made training difficult at times when the live spacecraft 
was used. The simulated data were rejected in toto by 
the computer system. The first really clean data came 
from the spacecraft when it was in the environment for 
which it was designed-in flight. 

One of the weakest units in the data-handling system 
was the NASCOM communications processor. It fre- 
quently became necessary to hardwire around this device 
to obtain meaningful data for the SSAC. Inasmuch as 
this was the first mission to make use of the communi- 
cations processor, however, some difficulty was expected. 

During critical phases of the mission, when 24-h 
coverage was necessary, the SSAC was seriously limited 
by a shortage of manpower. In most cases, there were 
available only one cognizant scientist and one cognizant 
engineer for each instrument. The SSAC director had 
adequate backup for his position, but some of the instru- 
ments did not. This shortage was not serious during the 
cruise phase of the mission because there were only 2 
passedday, and a daily review of the data by cognizant 
personnel sufficed. 

The spacecraft manager granted two unscheduled 
changes of spacecraft attitude to increase the reliability 
of the data from the UV photometer. 

As the mission progressed, the desirability of having 
a data automation system man, who reported directly to 
the SPAC director, became obvious. This was largely 
because the format chosen presented items of engineering 
interest to the data automation system man that were 
not available to the SPAC director from any other source. 
It should not be construed from this that the SSAC 
should be a subsidiary of SPAC, but it indicates that 
there was indeed a strong dependence between the two. 
They shared a common interest in the success of the 
mission, but from somewhat different points of view. 

On the basis of instrument performance and prelimi- 
nary scientific results, the mission was immensely success- 
ful. The choice of the assistant project scientist as SSAC 
director was sound, but it pointed out the necessity of 
having available personnel with an equal overview of the 
mission to back him up. If 24-h SSAC coverage had been 

required throughout this mission, it would have been 
extremely difficult for all concerned. 

C. Data Recovery and Processing 

1. Tracking data. Figure IV-29 shows the hardware 
and software system used to support the Mariner Venus 
67 mission. In high-activity periods, tracking data fol- 
lowed a completely automated route from the DSIF to 
the project users in FPAC. 

As raw tracking data were received in the SFOF, they 
were placed on the disk by the 7044 system. The raw 
data on the disk were then accessible by the 7094 user 
programs. 

Four tracking data handling programs are illustrated 
(Fig. IV-30), but only one program cperated within the 
7094 SFOF system at a time. The mission-independent 
editor acquired the raw TTY data from the disk that 
contained mixed tracking and telemetry data. This editor 
separated the data, extracting the tracking data and 
storing these data on the disk in the raw tracking data file. 

The TDPX program retrieved these data, edited and 
reformatted them, and then placed these data back on 
the disk in the master tracking data file. 

The ODGX program used this file to prepare a block 
of data for the ODPX program. Essentially, the ODGX 
program extracted a subset of the master tracking data 
and formatted it, using control inputs that had been 
provided to the program. 

The ODPM program .retrieved the block of ODPM 
data that had been compiled by the ODGX program, and, 
employing a least-squares curve fit and an iterative 
technique, determined the orbit of the spacecraft. The 
injection conditions were placed on the disk, and were 
then available for use by other programs. 

In low-activity cruise periods, tracking data were 
recorded by the 7044 on a special log tape. This tape was 
batch-processed in nonreal time by the 7094 tracking 
data handling programs. 

The tracking data master file produced by the TDPX 
program was part of the MDL. The DSN monitor group 
assisted in the generation of this file to assure that the 
project was getting its committed percentage of possible 
data points. 
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Fig. IV-29. Data processing system to support the Mariner Venus 67 mission 

2. Science and engineering telemetry data. The sys- 
tem at the DSIF stations included the ground telemetry 
system and the TCP consisting of an SDS-920 computer 
and a communication buffer. The communication buffer 
is the external (or output) interface. The primary function 
of the TCP program was to process Mariner V spacecraft 
telemetry data. This included frame detection, engineer- 
ing decommutation, science decommutation, TTY output, 
HSDL output, and data logging. 

Data received from the ground telemetry system were 
in the form of digital telemetry data, word sync, bit 
sync, ground receiver automatic gain control data, and 
receiver in- and out-of-lock status. In addition, the sta- 
tion time input was used in time-tagging the data. 

The output data were formatted for transmission 
through the communication buffer on various TTY lines 
and HSDLs, and for visual display of the spacecraft auto- 
matic gain control and static phase error at the DSIF 
station. 

Except for automatic gain control data, all data re- 
ceived by the TCP were formatted and stored on a log 
tape. This tape was one of the prime inputs to the MDL. 

r - -1  
I I 
I I 

*I I 
I IBM70g4 I 
I I 

I I 

Received telemetry data were processed in real time 
by the 7044 in the SFOF. The mission-dependent pro- 
cessors in the 7044 performed frame sync, decommuta- 
tion, scaling, and alarm checking on the data. The output 
from the 7044 consisted of print, plot, and TTY displays 
of the processed data. 

All telemetry data received by the 7044 were placed 
on a log tape. This tape was the primary source for 
nonreal-time telemetry processing. The daily processing 
of telemetry data used the same set of programs as was 
used for MDL production. The purpose, however, was to 
produce quick-look prints and plots for SPAC rather than 
to compile the MDL. 

3. Cruise and encounter. The Mariner V cruise oper- 
ations consisted of supporting tests and real-time opera- 
tions with the telemetry software. The configuration was 
similar to that shown in Fig. IV-29, but without the 7094 
and disk attached. Whenever the spacecraft was being 
tracked by the DSIF, the TCP and 7044 were used to 
display reaI-time data in the SFOF. The 7094 software 
was used regularly in nonreal time by FPAC personnel 
to process tracking data and to update the orbit of the 
spacecraft. The 7094 was also used on a daiIy basis to 
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Fig. IV-30. 7094 user program environment 

produce prints and plots of telemetry data for use by 
SPAC personnel. 

During Mariner V encounter operations; the data pro- 
cessing system was operated in a maximum-redundancy 
mode. Telemetry and tracking data were processed in 
parallel by two sets of computers. Any hardware failures 
on one computer string would interrupt data only mo- 
mentarily. 

Because of the great amount of interest in the en- 
counter, the 7044s were asked to display real-time data 
on over 40 devices throughout the SFOF. These included 
displays for the experimenters and for Public Information 
Office purposes, as well as for SPAC, SSAC, and FPAC 
personnel. 

A new capability, developed for use by the S-band 
occultation experiment; was used in the encounter se- 
quence. This capability was the display in real time of 
doppler residuals from high-speed tracking data. Fig- 
ure IV-31 shows the system used to generate and display 
these data. 

A special program was written for the digital instru- 
mentation system at DSS 14 to take tracking data from 
the TDH at 1-s intervals and transmit these data to the 
7044 over HSDLs. The 7044 then computed a residual 
by subtracting a predicted doppler value from the ob- 
served doppler. This pseudo-residual was then displayed 
on print and plot devices. 

This display showed the effects of the atmosphere of 
Venus on the returning signal from the spacecraft. 

4. Program refinements. Very few modfications were 
made to the software between launch and encounter. 
Gradual updating of the 7044 software started after the 
midcourse maneuver; and continued until a software 
freeze was applied on September 1, 1967. The TCP pro- 
gram was updated to correct several known errors. This 
new program was in use at all DSIF stations several 
months before encounter. 

New versions of the 7094 programs ODGX and PRbX 
were certified and used for encounter. 
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The high-speed tracking data system, involving changes 
to the 7044 and the writing of a new data input sub- 
system program, was delivered to the project for testing 
on August 15, 1967. 

All software modifications were used during the Mis- 
sion Operations System pre-encounter tests and the en- 
counter readiness tests. 

In general, the performance of the data processing 
system during cruise and through encounter was excel- 
lent. All user programs worked well, and, except for a 
problem with the 7044 pseudo-residuals near occulta- 
tion, the sequence of events was executed successfully. 

5. Occultation. The occultation experiment used the 
spacecraft radio signal to measure atmospheric param- 
eters. By measuring frequency changes, a refractive index 
profile was obtained from which atmospheric parameters 
could be inferred. 

a. Data recovery. The data for this experiment were 
gathered by two methods: (1) the normal doppler read- 
out of the tracking data subsystem, and (2) predetection 
recording of the entire spacecraft radio signal and rather 
complex postprocessing to obtain as much data as pos- 
sible. The station block diagram is shown in Fig. IV-32. 

To obtain data for predetection recording, one receiver 
at DSS 14 was converted from its normal phase-locked 
operation to an open-loop, triple-conversion configura- 
tion. The block diagram is shown in Fig. IV-33. The first 
IocaI oscillator was tuned to a frequency that resulted 
in the spacecraft signal being translated to an ultrasonic 

frequency between 20 and 100 kHz. This signal was 
recorded on two FR-1400 tape recorders, at 60 in./s, si- 
multaneously with a 320-kHz tone from a stable oscillator. 

b. Data processing. The tapes were played back at 
3.75 in./s, and the 20-kHz tone (320k/16) was used as 
a clock to trigger a digitizer. The interesting portions 
of time were digitized and recorded on magnetic tape. 
Spectral analysis was then used to locate the signal, and 
to determine its rate of change (i) and acceleration if). 
Once these had been determined, the data were pro- 
cessed through a digital-filter program to improve the 
signal-to-noise ratio, using the rate and rate-rate terms 
in a digital local oscillator to keep the signal centered in 
the filter passband. Because the sample rate was higher 
than needed, it was possible to throw away (decimate) 
some data while filtering. This effectively reduced the 
frequency of the data by a known amount. The decimated 
data were then processed in a digital, phase-locked-loop 
computer program, which tracked any remaining fre- 
quency variations and gave both frequency and ampli- 
tude vs time as outputs. 

6. Master data library production. The production of 
the Mariner Venus 67 MDL was performed by the use 
of modified Mariner Mars 1964 MDL programs. Two 
new programs were written to analyze and make minor 
corrections to the final MDL output. The Mariner Mars 
1.964 MDL editor was modified to enable it to accept the 
telemetry and command data (TCD) recordings and 
the SFOF 7044 log tape recording. The modified M,DL 
editor was used to furnish near-real-time, quick-look 
data to the experimenters. 
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Fig. IV-32. Occultation experiment 

+ 

a. Telemetry. The prime source of data for the Mariner 
Venus 67 MDL was digital recordings made by the TCD 
processor at the DSIF stations. Data outages on the 
TCD recordings were filled by processing the analog 
recordings of the DSIF receiver output. 

Validation programs were written to analyze the TCD 
digital recordings in respect to data quality and quan- 
tity. This validation, which was performed at JPL, served 
the purpose of expediting requests for DSIF analog re- 
cordings that might be required to fill data outages on 
the TCD recordings. 

TRACKING 
DATA 

For a period of 3 wk, Mariner V spacecraft data were 
below analog demodulator threshold. An experimental 
digital demodulation program was written in an attempt 
to recover these data. The digital demodulation program 
recovered data that were approximately 1 dB above re- 
ceiver threshold. The analog demodulator was only 
capable of recovering data that were approximately 
3 dB above receiver threshold. A significant amount of 
data was added to the MDL by the use of the digital 
demodulation program. 

DYNAMIC AGC 

data recovery, station block diagram 

FILTER 
HANDLING 

The quantity of telemetry data recovered was in 
excess of 99% of the spacecraft data received by the 
DSIF. 

TTY 

Figures IV-34 and IV-35 schematically illustrate the 
flow of telemetry data through the MDL system. 

b. Tracking data. Production of the MDL tracking 
data was performed by the use of the tracking data 
processor (TDPA) program. A validation program was 
written to statistically evaluate the master files generated 
by TDPA. Outages in the master files were filled by using 
the tracking-data paper tapes shipped to JPL from the 
DSIF stations. 

The TDPA master files were updated to satisfy 
the orbit determination and celestial mechanics criteria 
established before launch. 

DTELEMETRY TO DSS 12 

D. Mission Operations 

conducted five tests in preparation for the Venus en- 
counter by the Mariner V spacecraft. These tests were 

1. Readiness testing. The Mission Operations System I 
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Fig. IV-34. Validation processing telemetry 

primarily designed to familiarize and train personnel in 
the analysis and response required for real-time opera- 
tions during encounter. 

The M67-1 spacecraft, located in the Spacecraft As- 
sembly Facility at JPL, provided real-time spacecraft 
telemetry data to analysis teams in the Mariner MSA for 
all tests. Known spacecraft anomalies were introduced 
by the spacecraft test team. 

Tracking data for all tests were provided by the ASI- 
6050 and/or the 7094 computer, and were controlled 
from the simulated data conversion center located in the 
SFOF. The operational readiness tests were supple- 
mented by real-time tracking data (simulated) trans- 
mitted over the HSDL from DSS 14 at Goldstone. The 
tracking data transmitted over the HSDL consisted of 
1-s samples containing doppler and resolver information. 

The SPAC and SSAC teams participated in all tests 
involving analysis of spacecraft (M67-1) telemetry data. 
Spacecraft anomalies introduced by the test team in the 
Spacecraft Assembly Facility were recognized, and cor- 
rective measures were recommended. The spacecraft 
telemetry data were processed by the 7044 real-time 
processor, located in the SFOF, for display to the analysis 
teams in the Mariner MSA. 

MONITOR 
VALIDATION 
PROGRAM 
LISTING 

DSN MONITOR 
ESTIMATE OF 

DATA RECOVERY 

The FPAC team computed orbital, trajectory, residual, 
and prediction data with the 7094 computer, using the 
incoming simulated data as their source. The FPAC 
team operated from the FPAA located adjacent to the 
Mariner MSA. 

The first three tests used a 7044/7094 combination for 
rapid data movement within the facility. The final two 
tests used two such combinations (7044/7094 X and 7044/ 
7094 W> to exercise personnel in the operation of the two 
computer strings required during critical mission phases. 
This configuration provided additional insurance that 
one computer system (7044/7094) would be available 
during critical periods. The testing achieved the desired 
results. 

Table IV-9 and Fig. IV-36 define the days, times, and 
configuration used to test the Mariner V bfission Opera- 
tions System for encounter preparation. 

2. Flight chronology. Table IV-10 presents a complete 
flight chronology as excerpted from mission operations 
logs. 

3. Spacecraft command criteria. The basic guiding 
philosophy regarding ground commands and the control 
to be exercised over them is as follows: 
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Table IV-9. Test schedule 

Date 
(1967) 

Sep 15 
Sep 28 
Oct 3 
Oct 10 
Oct 12 

local time, PDT 

7:30 a.m. to 6:OO p.m. 
7:30 a.m. to 6:OO p.m. 
7:30 a.m. to 6:OO p.m. 
7:OO a.m. to 2:OO a.m. (1 011 1) 
7:30 a.m. to 6:OO p.m. 

258/14:30 to 259/01:00 
271 /14:30 to 272101 :00 
276/14:30 to 277101 :00 
28311 4:OO to 284/09:00 
28511 4:30 to 286101 :00 

Dayltime, OM1 

(1) Any command or commands considered necessary 
for corrective action or for achieving standard 
space-fight operation must be approved by the 
SFOD. Upon concurrence of the project manager, 
the command or commands will be transmitted to 
the appropriate DSS for execution. 

(2) Command requests will be made only by the tech- 
nical and operations teams within the SFOF, using 
approved command-decision procedures. 

(3) Two trajectory-correction maneuvers are available 
to achieve a nomina1 space-flight operation; the 
second maneuver will be used only if the first 
maneuver does not supply an adequate trajectory 
correction. 

(4) Approved procedures will be used to transmit 
command instructions from the SFOF to the DSIF. 

General guideIines for the approval and transmission 
of commands to the Mariner V spacecraft were pub- 
lished on July 5, 1967, by the project manager. These 
guidelines are as follows: 

(1) No command shall be sent that may be determined 
to have a potential failure mode that may be 
catastrophic to the mission. 

(2) No command is to be sent that substantially de- 
grades the probability of achieving the primary 
mission objectives. 

(3) The spacecraft design embodies commands as 
backup. The midcourse maneuver is a special case. 
Actual command operations seem to result in more 
commands and in sequences that were not compre- 
hended early and were probably not tested during 
the qualification of the spacecraft for flight. There- 
fore, when the spacecraft (M67-1) in the Spacecraft 
Assembly Facility becomes available, all sequences 
should be tested first by the Spacecraft Assembly 
Facility spacecraft. 

(4) The capability of the spacecraft and our confidence 
in it should not be construed as a license to exer- 
cise all modes of operation without regard to their 
value to the primary mission objectives. 

(5) No command will be approved that has not under- 
gone a thorough analysis as to need and conse- 
quences. 

(6) Command operations in support of failure analysis 
are discouraged unless this analysis is necessary to 
meet the primary objectives. Operations of this 
type must answer the question of whether this 
affects what we will do at the planet. 

4. Critical operations. The Mariner Venus 67 mission 
was made up of a combination of three critical periods, 
each period being followed by a cruise phase or non- 
critical period. These three criticals periods were launch, 
midcourse maneuver, and encounter. 

During the low-activity (cruise) period, the Venus 
operations controller assumed the coordination and con- 
trol of the operations. The Venus operations controller 
position ensured that proper data acquisition, transmis- 
sion, processing, and distribution were accomplished for 
mission monitoring. This position monitored the data, 
and notified appropriate personnel when established 
limits of subsystems aboard the spacecraft were violated. 

The three high-activity periods (launch, midcourse 
maneuver, and encounter) created a much greater level 
of activity and personnel participation. These three pe- 
riods of high activity demanded the greatest effort on the 
part of all mission elements to allow the quick response 
that was mandatory to resolve any nonstandard condi- 
tions that might appear either aboard the spacecraft or 
within the earth-based Mission Operations System. Dur- 
ing a high-activity period, an orderly resolution of any 
nonstandard condition must be anticipated, and a planned 
reaction must be available. This calls for many hours of 
precritical phase planning. 

Special procedures were established in the areas of 
command, data processing, and operations. A nominal 
sequence of events was established for each critical 
phase of operation. A spacecraft flow diagram was de- 
veloped to provide a direction for corrective action, 
should certain nonstandard conditions come into existence. 

The operations team, the analysis teams (FPAC, SPAC, 
and SSAC), project, DSN, DSIF, and other supporting 
agencies had to be staffed to allow for changing of per- 
sonnel when activity extended over long periods. Special 
personnel were required to maintain communications 
facilities, to maintain access control to areas involved in 
analysis and control, and to operate dual-computer sys- 
tems. Special personnel were also required in the com- 
plementary analysis team areas for real-time backup. 
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Table IV-10. Mariner V flight chronology - 
Day 

165 

166 

169 

170 

- 

Date 

Jun 14 

15 

i a  

19 

Time, GMT 

05:5a:oo 
0 5 6 9 5 9  
06:01:00.176 
06:03:0a.a 
06:03:11.75 
06:05:41.90 
06:05:56.a4 
06:06:0a.57 
06:06:17.93 
06:06:20.24 
06:06:22.2a 
06:07ai .ao 
06~0945.36 
06:09:45.36 
06:20:i a 
06:23:01.2 
06:24r35.50 
06:27:16.9 
06:27:16.9 
06:27:17.57 
06:27:20.1 
06:27:2a.9 
06:29:42 
06:29:42 
06:29:42 
06:30:11.6 k4.9 
06:30:19.01 
06:32:16.9 
06:43:25.4 k4.9 
06:53:56.6 
06:57:56.0 
22:3a:00.5 
2249:Ol 
22:50:00 

00:30:00 
00:30:3a.2 

00:34:3a.2 

00:30:40.2 f4.9 
00:34:00 

00:34:39.6 f4.9 
01 :09:12.6 f 0.7 
01 :12:26.4 f 6.2 
2 1 :5a2o7 

i6:3a:oa 

204 a m  
20:i a:40.7 

02:43:00 

03:OO 

20:18:44.4 5 6.3 
20:23:00 
20:23:40.7 
20:23:45.2 k 6.3 
20:2a:oo 
20:2a:40.7 
20:2a:44.1 
20:3a:oo 
20:3a:40.7 

Even# 
~ ~ 

CC&S inhibit release 
CC&S clear release 
Liftoff 
Mark 1 (booster cutoff) 
Mark 2 (booster iettison) 
Mark 3 (start of Agena auxiliary timer) 
Mark 4 (sustainer cutoff) 
Mark 5 (start of  Agena standard timer) 
Mark 6 (vernier cutoff) 
Mark 7 (shroud ejection) 
Mark 8 (Aflas/Agena separation) 
Mark 9 (first Agena ignition) 
Mark 10 (first Agena cutoff) 
In parking orbit 
Out of earth's shadow 
Mark 11 (second Agena ignition) 
Mark 12 (second Agena cutoff) 
Pyrotechnics arming switch caused deck reset on three data encoder decks 
Mark 13 (Agena/spacecraft separation) 
Science on (observed on earth) 
Mark 14 (start of  Agena yaw maneuver) 
Mark 15 (end of  Agena yaw maneuver) 
Tape recorder of f  (observed on earth) 
CC&S relay hold of f  (observed on earth) 
RF power up (observed on earth) 
Separation-initiated timer deployed solar panels 
Solar panels and sunshade deployed 
Mark 16 (Agena posigrade maneuver) 
Acquired sun; start of magnetometer calibration roll 
CC&S L-1, solar panels and sunshade deployed 
CC&S L-2 turned on attitude control subsystem 
CC&S L-3 turned on Canopus sensor and initiated roll search about spacecraft Z axis 
Canopus sensor acquired earth (center of  null) 
Gyros of f  

DC-V21 (roll override] transmitted 
DC-V21 received at spacecraft 
DC-V21 observed on earth 
DC-V21 transmitted 
DC-V21 received at spacecraft 
DC-V21 observed on earth 
Canopus acquired 
Gyros of f  
CC&S CY-1 NO. 1 

Roll transient [yaw valve fired concurrently) 
CC&S CY-1 NO. 2 

Roll transient (yaw limit cycle reversed direction); midcourse maneuver 
QC-VI -1 (pitch turn +55.267 deg, duration 304 5 )  transmitted 
QC-VI -1 received o t  spacecraft 
QC-VI -1 observed on earth 
QC-VI -2 (roll turn +70.946 deg, duration 380 s) transmitted 
QC-VI -2 received at spacecraft 
QC-VI -2 observed on earth 
QC-VI -3 (motor burn 16.1 27 m/s, duration 17.66 s) transmitted 
QC-VI -3 received a t  spacecraft 
QC-VI -3 observed on earth 
DC-V29 (arm f i rst  prop maneuver) transmitted 
DC-V29 received a t  spacecraft 
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Table IV-10 Icontd) 

Date 

19  

20 

21 

23 

24 

lime, GMT 

20:38:52.5 k 6.3 
20:48:00 
20:48:40.7 
20:48:44.7 f 6.3 
21 :23:57 
21 :24:39.7 
21:24:46 f4.2 
21:24:46 54.2 
21 :24:46 
22:24:10.9 
22:28:57 
22:28:57 
22:29:14.8 
22:46:10.8 
22:47:47 
22:47:51 
22:52:31.1 
23:08:1 1.3 
23:08:28 
23:14:10.9 
23:14:10.9 
23:17:16 
23:21:24.2 5 5.3 
23:32:19.2 f 5.7 
23:33:15 
23:33:55.7 
23:34:06 

00:23:58.4 i 5.7 
00:25:00 
00:25:42 
00:25:52.4 5 5.4 
00:43:12 
01 :16:54.2 k 5.7 
01:17:50 
01 :18:31.8 
01:18:35 f 5  
02:06:15 & 5.7 
02:09:49 + 5  
02:19:00 
02:19:42 
02:20:13 
02:24:00 
02:24:42 
02:25:16 
02:29:00 
02:29:42 
02:30:1 
02:39:0 
02:39:41 
02:39:54 
10:20 

11:l 8:14 
19:25:00 
19:25:49 
19:25:54 

2 1 :08:20 

05:58:26.8 

Event 
~~ ~ 

DC-V29 observed on earth 
DC-VI 4 (remove maneuver inhibit; remove prop inhibit) transmitted 
DC-V14 received at spacecraft 
DC-V14 observed on earth 
DC-V27 (initiate midcourse maneuver) transmitted 
DC-V27 received at spacecraft 
DC-V27 observed on earth 
Data encoder to mode 1 
Gyros on (observed on earth) 
Pitch turn start 
Solar panel 4A7 power turned off because of  shading 
Battery sharing 
Pitch turn stop (+55.18 deg, duration 304 s) 
Roll turn start 
Solar panel 4A7 back in sun and providing power 
Solar panel 4A5 started shading 
Roll turn stop (f70.93 deg, duration 380 s) 

Motor burn start 
Motor burn stop (1 5.392 m/s, duration 17.66 s) 
Data encoder to mode 2 
Start sun reacquisition 
Confirmed battery charging 
Sun acquired 
Canopus acquired 
DC-V21 (roll override) transmitted 
DC-V21 received at spacecraft 
DC-V21 observed on earth 

Canopus acquired 
DC-V21 transmitted 
DC-V21 received at spacecraft 
DC-V21 observed on earth 
Maneuver counter overflow 
Canopus acquired 
DC-V21 transmitted 
DC-V21 received at spacecraft 
DC-V21 observed on earth 
Canopus acquired 
Gyros of f  
QC-VI -1 (minimum pitch turn) transmitted 
QC-VI -1 received a t  spacecraft 
QC-V1-1 observed on earth 
QC-VI -2 (minimum roll turn) transmitted 
QC-VI -2 received at spacecraft 
QC-'41-2 observed on earth 
QC-VI -3 (minimum motor burn) transmitted 
QC-VI -3 received at spacecraft 
QC-VI -3 observed on earth 
DC-V9 (switch ranging) transmitted 
DC-V9 received ot spacecraft 
DC-V9 (ranging receiver on) observed on earth 
Roll transient 

CC&S CY-1 No. 3 (ranging receiver off) 
DC-V9 transmitted 
DC-V9 received at spacecraft 
DC-V9 (ranging receiver on) observed on earth 

Canopus sensor "dust particle" 

CC&S CY-1 No. 4 (turn ranging receiver off) 
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Table IV-10 (contd) 

Day 

176 

177 

178 

179 

181 

183 

186 

187 

189 

191 

192 

193 

194 

197 

200 

203 

205 

208 

21 1 

21 3 

214 

130 

Date 

Jun 25 

26 

27  

28 

3 0  

Jul 2 

5 

6 

8 

10 

11 

12 

13 

16 

19 

22 

24 

27  

30 

Aug 1 

2 

lime, OM1 

03:08:00 
03:08:47 
03:09:03 

- 
23:45:00 
2345:49 
23:46:04 

- 
00:28:00 
00:28:49 
00:29:05 
00:38:37.4 
00:58:00 
00:58:49 
00:59:05 
00:59:05 
01 :18:00 
01 :18:49 
01:19:05 

19:18:34.9 

19:45:00 
19:45:52 
19:46:15 

13:58:45 

08:3%:43 

00:30:00 
00:30:54 
00:31:12 

03:18:53 
19:30:00 
19:30:59 
19:31:16 

21 :59:09 

16:39:07 

1 1 :19:04 (predicted 

05:59:28 

00:39:20 
01 :35:00 
01 :36:10 
01 :36:52 

1 9:19:21.4 
1 9:19:21.4 

13:59:57.0 
16:40:00 
16:41:16 
16:41:39 

08:40:20.4 

- 
09:04:17 

- 
03:19d0.9 

Event 

DC-V9 transmitted 
DC-V9 received a t  spacecroft 
DC-V9 (ranging receiver on) observed on earth 

Solar storm (proton) 
DC-V9 transmitted 
DC-V9 received o t  spacecraft 
DC-V9 (ranging receiver off) observed on earth 

Solar storm (electron) 
DC-V7 (switch power amplifier) transmitted 
DC-VI received at spacecraft 
D C - M  observed on earth 

DC-V28 (switch bottery charger off) transmitted 
DC-V28 received a t  spacecraft 
DC-V28 observed on earth 
Data encoder deck skip 
DC-V9 transmitted 
DC-V9 received at spacecraft 
DC-VI (ranging receiver an) observed on earth 

CC&S CY-1 No. 6 (ranging receiver off) 

DC-V9 (switch ranging) transmitted 
DC-V9 received a t  spacecraft 
DC-V9 (ranging receiver on] observed on earth 

CC&S CY-1 No. 7 (ranging receiver off) 

CC&S CY-1 NO. 5 

CC&S CY-1 NO. 8 

DC-V9 transmitted 
DC-V9 received a t  spacecraft 
DC-V9 (ranging receiver on) observed on earth 

CC&S CY-1 No. 9 (ranging receiver off) 
DC-V9 (switch ranging) transmitted 
DC-V9 received at spacecraft 
DC-VI (ranging receiver on) observed on earth 

CC&S CY-1 No. 10 (ranging receiver off) 

Solar storm (proton) 

Solar storm (proton) 

CC&S CY-1 NO. 11 

CC&S CY-1 No. 12 (no tracking) 

CC&S CY-1 NO. 13 

CCLS CY-1 NO. 14 
DC-V9 (switch ranging receiver on) transmitted 
DC-V9 received a t  spacecraft 
DC-VI (ranging receiver on) observed on earth 

CC&S MT-6 (switch to 8% bits/s) 
CC&S CY-1 No. 15 (switch ranging receiver off) 

CC&S CY-1 NO. 16  
DC-V9 (switch ranging receiver on) transmitted 
DC-V9 received a t  spacecraft 
DC-V9 observed on earth 

CC&S CY-1 No. 17  (switch ranging receiver off) 

Solar storm (electron) 
Roll transient 

Solar storm (proton) 
CC&S CY-1 NO. 18 
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Table IV-10 kontd) 

21 6 

21 9 

221 

222 

223 

225 

226 
228 

229 
to 

237 

230 

233 

234 

236 

239 
to 

245 

239 

24 1 

244 

247 

250 

253 

255 

258 

261 

262 

263 

264 

266 

269 

272 

274 

275 

277 

278 

Dale 

Aug 4 

7 
9 

10  

11 

13 

14 
16 

17 
to 
25 

18 

21 

22 

24 

Aug 27 
to 

Sep 2 

Aug 27 

29 

Sep 1 

4 

7 

10 

12 

15 

18 

19 

20 

21 

23 

26 

29  

Oct 1 

2 

4 

5 

Time, QMT 

21 :59:46 

16:40:03.3 

07:15 
- 

1 1 :20:14.8 
- 

06:00:26.6 
1 1 :11 :oo 
18:32:41 
00:40:38.8 

- 

19:20:20 

14:O 1 :03.5 

07:40 
14:14 

08:41:32.8 

- 

08:41:32.8 
03:21:17.2 
22:01:43.4 

16:40:07 

1 1 221 :21 A 

06:01136.3 

00:41:51.5 
00:41:51.5 

19:22:07.1 

14:02:23.1 

- 
08:42:39 

- 
- 
- 

03:22:56A 

22:03:01.7 

16:42:43 
16:42:43 

1 1 :22:57 

16:43:33.8 

06:03:17.3 
07:28 
14:36 
16r38 

05:OO 
22:17 
23:55:00 

23:59:02 

Event 
~ ~ ~ 

CC&S CY-1 No. 19 (not tracking) 
CC&S CY-1 NO. 20 

Roll transient 
Solar storm (proton and electron) 

Solar storm (proton) 

Roll transient 
Roll transient 

CC&S CY-1 NO. 21 

CC&S CY-1 NO. 22 

CC&S CY-1 NO. 23 

Pi-Scorpii in UV-photometer field of view 

CC&S CY-1 No. 24 (not tracking) 

CC&S CY-1 NO. 25 

Roll transient (yaw volve fired concurrently) 
Roll transient 

MT-1 [update Canopus sensor cone angle) 

Tau-Scorpii in UV-photometer field of view 

CC&S CY-1 NO. 26 
CC&S CY-1 NO. 27 
CC&S CY-1 NO. 28 

CC&S CY-1 NO. 29 

CC&S CY-1 NO. 30 

CC&S CY-1 NO. 31 

MT-2 (update Canopus sensor cone angle) 
CC&S CY-1 NO. 32 

CC&S CY-1 NO. 33 

CC&S CY-1 NO. 34 

Solar storm [proton and electron) 

Solar storm (proton and electron) 

Solar storm (proton and electron) 

Solar storm (proton and electron) 
CC&S CY-1 No. 36 

CC&S CY-1 NO. 35 

CC&S CY-1 NO. 37 

CC&S CY-1 NO. 38 
MT-3 (update Canopus sensor cone angle, 

CC&S CY-1 NO. 39 

MT-5 (switch spacecraft transmitter to high-gain antenna) 

CC&S CY-1 NO. 40 
Roll transient 
Roll transient 
Roll transient 

CC&S CY-I NO. 41 
Roll transient 
DC-V9 (turn on ranging receiver) transmitted 

DC-V9 received at  spacecraft 
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Table IV-10 kontd) 

279 

280 

282 

283 

285 

286 

287 

289 

291 

292 

- 
Date 

Oct 6 

7 

9 

10 

12 

13 

14 

16 

18 

19 

- 

lime, OM1 

00:01:52 
14:17 

19:23:39 (predicted) 

22:oo:oo 
22:04:18 
22:07:24 

13:SO:OO 
13:54:23 
13:57:29 
14:04:14.4 
14:04:14.4 
14:25:00 
14:29:23 
14:30:00 
14:32:69 
14:34:23 
14:37:31 

20:40 

08:44:33.9 
1 1 :46 
12:42:00 
12:46:35 
12:52:00 

09:49 

01:31 
03:24:53.8 
16:lO:OO 
16:14:53 
16:19:09 
1 6:19.09 

22:05:13.9 

02:49:00 
02:54:02 
02:58:25 
03:l 1 :39.3 
04:45:05.8 
08:50:00 
08:54:02 
08:59:38.8 
10:50:00 
10:55:02 
10:57:29 
1 1 :25:03.6 
1 5:01:43 
15;05:45 
1 5 1  1 :oo 
1 5 1  1 :36 
16:33:57 +25 
16:34:29 
16:37:59 + 25 
16:40:00 
16:44:02 
16:46:46 
16:49:17 

Event 

DC-V9 observed on earth 
Roll transient (caused large r a t e  increase in y a w  limit cycle) 

CC&S CY-1 No. 42 (bod  d a t a )  (turn ranging receiver off) 

DC-V9 (turn o n  ranging receiver) transmitted 
DC-V9 received a t  spacecraft 
DC-V9 observed on eorth 

DC-VI (turn off ranging receiver) transmitted 
DC-V9 received a t  spacecraft 
DC-V9 observed on eorth 
MT-4 (update Canopus sensor cone angle) 

DC-V1 5 (Canopus g a t e  inhibit override) transmitted to condition spacecraft for encounter 
DC-VI 5 received a t  spacecraft 
DC-V9 (turn on ranging receiver) tronsmitted 
DC-VI 5 observed on earth 
DC-V9 received a t  spacecraft 
DC-VI observed on eorth 

Roll transient (caused lorge ra te  increase in yaw limit cycle) 

CC&S CY-1 No. 44 (turn ranging receiver off) 
Roll transient 
DC-V9 (turn on ranging receiver) transmitted 
DC-V9 received a t  spacecraft 
DC-V9 observed on earth 

Roll transient 

Roll transient 
CC&S CY-1 No. 45 (ranging receiver off) 
DC-V9 (turn on ranging receiver) transmitted 
DC-V9 received a t  spacecraft 
DC-V9 observed on earth 
DC-V9 observed on earth 

CC&S CY-1 No. 46 (ranging receiver off) 

ENCOUNTER 

DC-V25 (begin encounter sequence; t a p e  recorder on) transmitted 
DC-V25 received a t  Spacecraft 
DC-V25 observed on earth 
Terminator sensor on (observed an earth) 
MT-7 (begin encounter sequence) 
DC-V9 (turn on  ranging receiver) transmitted 
DC-V9 received a t  spacecraft 
DGV9 observed o n  earth 
DC-V24 (switch to d a t a  mode 3) transmitted 
DC-V24 received a t  spacecraff 
DC-V24 observed on eorth 
MT-8 (begin d a t a  automation system encounter mode) 
DC-VI 6 (start encounter backup clock) transmitted 
DC-VI 6 received a t  spacecraft 
Clock A enable  
DC-VI 6 observed on earth 
Planet sensor output in science frame 98 
Recorder motor on (begin Venus d a t a  record, track No. 1) 
Plonet sensor output tet'minoted as f a r  limb of Venus passed out of field of view of sensor 
DC-V9 (turn off ranging receiver) transmitted 
DC-V9 received a t  spacecroft 
Begin Venus d a t a  record, track No. 2 
DC-V9 observed on earth 

CC&S CY-1 NO. 43 
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Table IV-10 (coptdl 

292 

293 

294 

295 

Date 

Oct 19 

20 

21 

22 

Time, OMT 

16:56:00 
1 7:O 1 :00 
17:12:00 
17:14:57 + 2 5  
17:18:09 +_ 25 
17:34:55.8 
17:38:09 
17:38:10 
17:39:00 
17:42:05 
17:46:49 

to 
17:46:51.4 
176949  
18:00:31 
18:00:51 

18:Ol:ll 
18:03:13 
1 8:19:10 
18:34:18 
18J1:51 
18:48:18 
19:OO:OO 
19:04:02 
19:09:30 
20:40:12 

00:40:28 

to 

- 
07:25:23.4 
07:26:12 
07:44:33 
08:00:36 
08:04:50 
oa:i 5 3 8  
08:17:52 

01:13:01 
01:14:28 
01 :14:35 
01 :32:59 
01 :49:03 
03:58:08 
16:55:58 
18:18:29.7 
18:45:00 
18:50:09 
18:54:44 
19:18:17 
19:19:54 
i9:3a:o8 
19:54:14 
20:09:32 
20:l 1 :45 

13:06:52 
13:08:20 
13:26:03 

Event 

Plasma changes indicating magnetopause 
Plasma changes indicating magnetopause 
Plasma changes indicoting magnetopause 
Planet sensor output in science frames 148-1 52 for near limb of  plonet 
Planet sensor output terminotion (science frame 153) 
Closest approach to Venus (4094 km) 
Enter S-band occultation (dosed-loop receiver) 
Enter DFR occultation (49.8 MHz) 
Enter DFR occultation (423.3 MHz) 
Enter S-band occultation (open-loop receiver) 
Terminator sensor output (science frame 185) (antenna pointing angle change) event 

(from tape data) 

Exit S-band occultation 
Exit DFR occultation (423.3 MHz) 
Exit DFR occultation (49.8 MHz) 

DFR in solid lock 
Data automation system antenna pointing angle change backup command 
End of Venus data record, track No. 2 
End of tape (science frame 251); end of Venus track NO. 1 
Dato mode 2 science and engineering data 
DC-V9 (turn on ranging receiver) transmitted 
DC-V9 received of spocecraft 
DC-V9 observed on eorth 
Roll transient 

Roll transient 
Venus data playback 
MT-9 mode 4 (begin Venus data playbock, track NO. 1 
Mode 1 engineering data 
Mode 4 dato playbock of test pattern, trock No. 1 
Mode 1 engineering data 
Roll transient 
Switch to data mode 4 (playback of old test data) 
Start of Venus encounter data playback, trock NO. 1 

End of tape, mode 1 (switch to track No. 2) 
Mode 4 data playback (all ones) 
Mode 1 engineering data 
Mode 4 doto playback of test pattern, track NO. 2 
Mode 1 engineering data 
Mode 4 Venus data playback, track No. 2 
CC&S CY-1 No. 47 mode 4 data (turn ranging receiver off) 
Mode 1 engineering data 
DC-V9 (turn on ranging receiver) transmitted 
DC-V9 received at spocecraft 
DC-V9 observed on earth 
End of  tape, mode 4 (Venus data second playback, track NO. 1 
Mode 1 engineering daia 
Mode 4 Venus data playback of test pattern, track NO. 1 
Data mode 1 engineering data 
Data mode 4 playback of old test data 
Data mode 4 Venus data second playback, track No. 1 

End of tope, mode 1 (switch to track No. 2) 
Mode 4 data playback (all ones) 
Mode 4 data ployback of test pattern, track NO. 2 
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Table IV-10 (contd) 

Day 

295 

296 

297 

298 

299 

300 

302 

303 

305 

308 

31 1 

~ 134 

- 
Date 

Oct 22 

23 

24 

25 

26 

27 

29 

30 

Nov 1 

4 

7 

lime, OM1 

13:42:06 
1 5:5 1 :29 

06:11:50 
07:11:39 
07:13:13 
07:3 1 :3 1 
07:47:3 1 
07:55:00 
08:00:16 
0 8:02:54 
08:04:54 

08:25:00 
08:30:16 
08:35:27 

1 1 :25:48.9 

16:30:00 
16:35:23 
16:39:32 
20:35:00 
20:40:23 
20:44:33 

20:55:00 
21 :00:26 
21 :05:56 
21 :12:30 
2 1 :17:56 
2 1 :2 3:5 1 
21 :23:51.4 

06:05:17 (predicted 

11:11:18 

00:45:06.3 

19:25:44 (predicted 

14:06:07.7 
16:35:00 
16:40:58 
16:4546 

08:46:26.2 - 
09:15:00 
09:20:00 
09:2 1 :l 0 
09:26:10 
09:26:47 
09:31:51 
10:13:00 
10:18:10 
10:24:46.8 
10:30:00 
10:36:10 
10:42:09 
12:16:10 
12:17:10 
12:22:20 

Event 

Mode 1 engineering data 
Mode 4 Venus data second playback, track No. 2 

Mode 1 engineering data 
End of tape, mode 4 (Venus data playback, track No. 1) 
Mode 1 engineering data 
Mode 4 data playback of test pattern, track No. 1 
Mode 1 engineering data 
DC-V2 (switch to mode 2 engineering and science data) transmitted 
DC-V2 received a t  spacecraft 
Mode 4 playback of  old test data, track No. 1 
DC-V2 observed on earth (stopped playback 13 s before start of track No. 1 

DC-V28 (turn of f  tape recorder and switch bottery charger on) transmitted 
DC-V28 received at spacecraft 
DC-V28 observed on earth 

CC&S CY-1 No. 48 (turn ranging receiver off) 

SWITCH BIT RATES 

DC-V5 (switch to 33% bits/s rate) transmitted 
DC-V5 received at spacecraft 
DC-V5 observed on earth 
DC-V5 (switch to 8% bits/s rate) transmitted 
DC-V5 received at spacecraft 
DC-V5 observed on earth 

DC-VI 9 (return attitude control subsystem to normal optical control) transmitted 
DC-VI 9 received at spacecraft 
DC-VI 9 observed on earth 
DC-V28 (turn of f  battery charger) transmitted 
DC-V28 received a t  spacecraft 
DC-V28 observed on eorth 
Deck resets (low CH 305-300) (low-low CH 41 5-400) 

CC&S CY-1 No. 49 (not tracking) 

Roll transient 

Venus encounter data) 

CC&S CY-1 NO. 50 

CC&S CY-1 No. 51 (not tracking) 

CC&S CY-1 NO. 52 
DC-V9 (turn on ranging receiver) transmitted 
DC-V9 received at spacecraft 
DC-V9 observed on earth 

CC&S CY-1 No. 53 (turn ranging receiver off) 
Spacecraft rolled three times for UV-photometer calibrotion 
DC-V26 (battery charger to boost mode; turn off science) tronsmitted 
DC-V25 (science on; tape recorder on) transmitted 
DC-V26 received at spacecraft 
DC-V25 received a t  spacecraft 
DC-V26 observed on earth 
DC-V25 observed on earth (made 3) 
DC-VI 6 (sfart data automation system clack A) transmitted 
DC-V16 received a t  spacecraft 
DC-VI 6 observed on earth 
DC-V2 (switch to mode 2 science and engineering data) transmitted 
DC-V2 received a t  spacecraft 
DC-V2 observed on earth 
DC-V21 (roll override) transmitted 
DC-VI 2 (transmit lo-receive lo) transmitted 
DC-V21 received a t  spacecraft 

JPL TECHNICAL REPORT 32-1203 



Table IV-10 (contd) 

31 1 

312 

31 3 

314 

Date 

Nov 7 

8 

9 

10 

Time, GMT 

12:23:10 
12:25:48 
12:27:54 
12:29:00 
13:12:46 
13:13:00 
13:19:10 
13:20:00 
13:24:30 
13:25:00 
13:26:10 
1 3:3 1 :10 
13:32:00 
13:32:08 
13:37:00 
14:02:00 
14:08:00 
14:08:10 
14:11:25 
14:14:00 
14:14:10 
14:20:00 
14:25:54 
14:33:30 
14:39:20 
15:12:45 
15:15:00 
1 5:2 1 :10 
15:26:07 

2 1 :oo:oo 
21:06:13 
21 :11:59 
21:13:23 
21 J 1 :44 
2 1 :47:4 1 
22:03:08 
22:06:47 

15:00:04 
1 5 0 1  :32 
1 5 0 1  :39 
15:19:15 
15:35:16 
17:45:54 
19:45:00 
1 9 5 1  :17 
19:57:07 

03:26:25 (predictec 
05:OO:OO 
05:06:22 
05:12:25 
17:21:17 
18:19:08 
18:20:40 
18:39:01 
18:55:03 
18:58:10 
19:04:32 

Event 

DC-V12 received at spacecraft (not accepted by spacecraft) 
Begin data record, track No. 1 
DC-V21 {start of  roll) observed on earth 
DC-V12 observed on earth (not accepted by  spacecraft) 
DC-V21 (roll override) transmitted 
Canopus acquired 
DC-V21 received at spacecraft 
DC-VI 2 [transmit lo-receive lo) transmitted 
DC-V21 (start of roll) observed on earth 
DC-VI 2 (transmit lo-receive lo) transmitted 
DC-VI 2 received at spacecraft 
DC-VI 2 received a t  spacecraft 
DC-VI 2 observed on earth 
Data automation system antenna pointing angle change backup 
DC-VI 2 observed on earth 
DC-V21 (roll override) transmitted 
DC-V21 (roll override) transmitted 
DC-V21 received at spacecraft 
Canopus acquired 
DC-V21 observed on earth 
DC-V21 received at spacecraft 
DC-V21 observed on earth 
Stop record, track No. 2 
End of tape (end of record sequence) 
Stop record, track No. 1 
Canopus acquired 
DC-VI 0 (transmit hi-receive lo) transmitted 
DC-VI 0 received at spacecraft 
DC-VI 0 observed on earth 

DC-V4 (mode 4 begin data playback) transmitted 
DC-V4 received a t  spacecraft 
DC-V4 (mode 4 begin data playback, track No. 1 ) observed on earth 
Mode 1 engineering data 
Mode 4 (data playback of  test pattern) 
Mode 1 engineering data 
Mode 4 data playback, track No. 1 
Begin data playback of UV-photometer calibration 

End of  tape, mode 1 [switch to data playback, track No. 2) 
Mode 4 data playback (all ones) 
Mode 1 engineering data 
Mode 4 (data playback of  test pattern, track No. 2) 
Mode 1 engineering data 
Mode 4 data playback of  track No. 2 
DC-V2 (switch to mode 2 science and engineering data) transmitted 
DC-V2 received a t  spacecraft 
DC-V2 (made 2 science and engineering data) observed on earth 

CC&S CY-1 No. 54 (not tracking) 
DC-V4 (mode 4 begin data playback) transmitted 
DC-V4 received a t  spacecraft 
DC-V4 (mode 4 remainder of  track No. 2 data) observed on earth 
Mode 1 engineering data 
End of  tape, mode 4 (switch to data playback of  track No. 1 
Mode 1 engineering data . 
Mode 4 (data playback of  test pattern, track NO. 1 
Mode 1 engineering data 
DC-V2 (switch to mode 2 science and engineering data) transmitted 
DC-V2 received a t  spacecraft 
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Table IV-10 (contdl 

Day 

314 

31 

319 

322 

323 

Date 

Nov 10 

12 

15 

Nov 18 

19 

Time, OMT 

19:10:24 
19:lS:OO 
19:21:22 
19:27:46 
19:30:00 
19:36:22 
19:42:46 
19:42:53 
19:45:00 
19:51:22 
19:58:00 

22:06:39 (predicted) 

16:46:58.7 (predicted 

1 1 :27:43.8 - 
13:OO:OO 
13:05:00 
13:07:19 
13:14:16.9 
13:12:19 
13:18:28 
13:25:00 
13:30:00 
13:32:19 
13:35:00 
13:37:19 
13:38:39.4 
13:42:19 
13:43:41.8 
13:48:30 
1 3:50:12 
13:57:31 
14:03:55.7 
14:06:00 
14:13:19 
14:19:34 
14:21:13 
14:25:00 
14:32:19 
14:39:07.6 
14:53:15 
15:00:34 
15:05:00 
15:06:49 
1 5 1  4:08 
15:18:30 
15:51:00 
15:58:19 
16:04:48.7 
16:04:54 
16:05:30 
16:06:17.0 
(Not in d a t a )  
1 6:17:37 
(Not in d a t a )  
(Not in d a t a )  

Event 

DC-V2 (mode 2 science and  engineering d a t a )  observed on earth 
DC-V28 ( tape  recorder off; battery charger on) transmitted 
DC-V28 received at spacecraft  
DC-V28 observed on earth 
DC-V28 (battery charger off) transmitted 
DC-V28 received at spacecraft 
DC-V28 observed on earth 
Deck resets (low CH 208-200) (low-low CH 41 5-401 ) 
DC-V9 (ranging receiver on) transmitted 
DC-V9 received a t  spacecraft 
DC-V9 observed on earth 

CC&S CY-1 No. 55 (turn ranging receiver off) (not track 

CC&S CY-1 NO. 56 

CC&S CY-1 NO. 57 

g) 

UV-photometer pointing exercise 

QC-VI -1 (17.1 8-deg  pitch) transmitted 
QC-VI -2 (1 800-s roll) transmitted 
QC-V1-1 received a t  spacecraft 
QC-VI -1 observed on earth 
QC-V1-2 received at spacecraft 
QC-V1-2 observed on earth 
DC-VI 4 (remove maneuver inhibit) transmitted 
DC-V26 (science off; battery charger t o  boost mode) transmitted 
DC-V14 received a t  spacecraft  
DC-V25 (science on; begin encounter sequence; switch to doto  mode 3) transmitted 
DC-V26 received a t  spacecraft 
DC-VI 4 observed on eorth 
DC-V25 received a t  spacecraft 
DC-V26 observed on earth 
DC-V25 observed on earth (da ta  mode 3) 
DC-VI 6 (start clack A) transmitted 
DC-V16 received a t  spocecroft 
DC-VI 6 observed on earth 
DC-V2 (switch to mode 2 science a n d  engineering d a t a )  transmitted 
DC-V2 received a t  spacecraft 
DC-V2 observed on earth ( d a t a  mode 2) 
Tape  recorder on (first verification) 
DC-V29 (arm first propulsion maneuver) transmitted 
DC-V29 received a t  spacecraft 
DC-V29 observed on earth 
DC-V27 (initiate midcourse maneuver; switch to mode 1 ) transmitted 
DC-V27 received a t  spacecraft 
DC-V2 (switch to mode 2 science and  engineering d a t a )  transmitted 
DC-V27 observed on earth (mode 1) 
DC-V2 received a t  spacecraft 
DC-V2 observed on earth (mode 2) 
DC-VI 2 (transmit lo-receive lo) transmitted 
DC-VI 2 received a t  spacecraft 
DC-VI 2 observed on  earth 
Start  t a p e  in science frame 145 
Begin track No. 1 record 
Start  ccw pitch turn 
Stop ccw pitch turn 
Begin track No. 2 record (not abserved on earth) 
Start  roll turn (f313 deg) 
Stop roll; start sun reacquisition 
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Table IV-10 (contdl 

Day 

323 

324 

Date 

Nov 19  

20 

Time, GMT 

17:11:17 

17:41:30 
17:41:30 
18:05:36 

18:12:39 
18:15:00 
18:18:43 
18:22:19 
18:25:49 

18:28:49 
18:40:00 

18:47:19 
18:50:00 
18:53:38.9 

18:55:00 
18:57:19 
19:02:19 
19:03:45.63 
19:08:47 
19t20:OO 
19:25:00 
19:27:19 
19:30:00 
19:32:19 
19:33:58.3 
19:37:19 
19:39:08.7 
19:44:03.13 
19:45:00 
19:53:19 
19:59:11.2 
22:oo:oo 
22:07:19 
22:13:33 
22:14:58 
22:32:00 
22:48:00 
23:04:4 1 

1 6:O 1 :45 
16:21:08 
16:37:08 
16:58:10 
17:05:33 
17:11:52 
17:20:00 
17:27:23 
17:30:00 
17:33:42 
17:35:00 
17:37:23 
17:42:23 
17:43:47 
17:48:49 
17:49:25 
19:50:39 
20:02:30 

Event 

Data automation system antenna pointing angle change backup 
Station locked on telemetry sideband 
Acquisition of Canopus 
End track No. 2 record 
End of t a p e  
DC-VI 0 (transmit hi-receive lo) transmitted 
End track No. 1 record 
DC-VI 0 received a t  spacecraft 
CC&S maneuver counter overflow 
DC-VI 0 observed on earth 
DC-V13 (maneuver command inhibit) transmitted; station dropped  lock on sideband 
DC-V13 received a t  spacecraft  
DC-V26 (turn off science; battery charger to boost made) transmitted 
DC-VI 3 observed on earth 
DC-V2 (switch to mode 2, science on) transmitted 
DC-V26 received a t  spacecraft 
DC-V2 received a t  spacecraft 
DC-V26 observed on  earth 
DC-V2 observed on earth 
QC-VI -1 (minimum) transmitted 
QC-VI -2 [minimum) transmitted 
QC-VI -1 received a t  spacecraft  
QC-'41-3 (minimum) transmitted 
QC-V1-2 received a t  spacecraft 
QC-VI -1 observed on earth 
QC-Vl -3 received at spacecraft 
QC-VI -2 observed on earth 
QC-V1-3 observed on  earth 
DC-VI 1 (transmit hi-receive hi) transmitted 
DC-VI 1 received a t  spacecraft 
DC-VI 1 observed on ear th  
DC-V4 (mode 4 begin d a t a  playback, track No. 1) transmitted 
DC-V4 received at spacecraft 
DC-V4 (made 4 begin data playback, track No. 1) observed on  earth 
Mode 1 engineering d a t a  
Mode 4 d a t a  playback of test pattern, track No. 1 
Mode 1 engineering d a t a  
Mode 4 d a t a  playback, track No. 1 

End of tape,  made  1 switch to track No. 2 
Mode 4 d a t a  playback of test pattern, track NO. 2 
Mode 1 engineering d a t a  
DC-V2 (switch to mode 2 science and engineering d a t a )  transmitted 
DC-V2 received at spacecraft 
DC-V2 observed on earth (da ta  mode 2) 
DC-V28 (iurn on battery charger, turn off t ape ,  2.4 kHz) transmiited 
DC-V28 received at spacecraft 
DC-V28 {turn off battery charger) transmitted 
DC-V28 observed on earth 
DC-V16 (start clock A) transmitted 
DC-V28 received a t  s p a c e a a f t  
DC-V16 received a t  spacecraft 
DC-V28 observed on earth 
DC-VI 6 observed on earth 
All decks skipped 
Data automation system clock A decode for start  track No. 1 record 
Data automation system clock A decode  for start  track No. 2 record 
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Table IV-10 Icontd) 

3 24 

325 

338 

Date 

Nov 20 

21 

Dec 1 
4 

Time, OMT 

20:56:10 
21 :49:56 
21 :57:32 
22:03:22 

06:07:24 (predicted) 

1 5:5 1 :oo 
15:58:28 
16:05:20.0 
18:35:00 
18:40:00 
10:42:20 
18:45:00 
18:47:28 
18:49:09 
18:52:28 
18:54:11 
18:59:05 
19:18:05 
19r25:43 
1 9:3 1 :59 

- 
20:00:00 

Event 

Data automation system clock A decode for antenna pointing angle change backup 
Data automation system clock A decode for stop track No. 2 record 
Data automation system clock A decode for end of  tape 
Data automation system clock A decode for stop track No. 1 record 

CC&S CY-1 No. 58 [not tracking) 

CONDITION SPACECRAFT FOR LONG-TERM CRUISE 

DC-V9 (turn on ranging receiver) transmitted 
DC-V9 received a t  spacecraft 
DC-V9 observed on earth 
DC-VI 5 (Canopus gate inhibit override) transmitted 
DC-V1 0 (transmit hi-receive lo) transmitted 
DC-VI 5 received a t  spacecraft 
DC-V9 (ranging receiver off) transmitted 
DC-VI 0 received a t  spacecraft 
DC-VI 5 observed on earth 
DC-V9 received a t  spacecraft 
DC-VI 0 observed on earth 
DC-V9 observed on earth 
DC-VI 2 (transmit lo-receive lo) transmitted 
DC-VI 2 received at spacecraft 
DC-VI 2 observed on earth 

Project defined end of mission (Phase I) 
Last data observed (signal strength, 170 dBmW) 
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V. Organization and Function of SPAC 

A. Organization of SPAC 

In  organizing the spacecraft performance analysis and 
command (SPAC) group for the Mariner Venus 67 mis- 
sion, a great effort was made to take advantage of past 
experience in conducting SPAC flight operations. The 
general organization philosophy for the Mariner Venus 
67 SPAC is, therefore, an outgrowth of the Mariner Mars 
1964 SPAC organization. Only those aspects of the or- 
ganization that changed the basic differences between 
the two missions, or those aspects that were deemed 
inefficient during the Mariner Mars 1964 operations, 
were modified. Many aspects of the organization were, 
in fact, identical in nature and function. 

6. SPAC Operations 

1. SPAC responsibility and function. The responsibil- 
ity of the Mariner Venus 67 SPAC group was to monitor 
and analyze spacecraft performance, and to make recom- 
mendations for courses of action that would enhance the 
probability of achieving the mission objectives. This 

group was one of three analysis groups within the Space 
Flight Operations (SFO) organization established to sup- 
port the Mariner Venus 67 project. The other analysis 
groups were the space science analysis and command 
(SSAC) and flight-path analysis and command (FPAC) 
groups. These groups were responsible for the analysis 
of science data and the analysis of the flight path (tra- 
jectory), respectively, and for making recommendations 
for ground commands to enhance mission success from 
their points of view. The directors of the analysis groups, 
in addition to the directors of the mission support 
groups, such as the data processing system (DPS) and 
the Deep Space Network (DSN), reported to the Space 
Flight Operations Director (SFOD). 

In analyzing the spacecraft data, SPAC continually 
attempted to evaluate the actual performance against 
the anticipated performance based upon the design. 
Extensive effort was applied to explain every unexpected 
condition observed. Frequently the cause was ap 
incomplete understanding of the spacecraft in a space 
environment. 
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Under guidelines established by the SSAC and the 
project office, SPAC also attempted to maximize the re- 
covery of scientific data. The responsibility of the 
SPAC group relative to the attainment of scientific data 
was to assure the acquisition of the planet-oriented data; 
then, wherever possible within engineering constraints, 
to assure the acquisition of the maximum amount of 
interplanetary data. 

The SPAC group developed a mission operations plan 
to fulfill its responsibilities. SPAC planning efforts were 
instrumental in development of the overall SFO sequence 
of events for the various mission phases. 

2. Organization. The Mariner Venus 67 SPAC organ- 
ization had as its nucleus the SPAC division representa- 
tives, the SPAC director, and the assistant SPAC director. 
SPAC division representatives were members of the fol- 
lowing technical divisions at JPL: Division 32, Space 
Sciences; Division 33, Telecommunications; Division 34, 
Guidance and Control; Division 35, Engineering Me- 
chanics; and Division 38, Propulsion. The SPAC director 
and assistant director represented Division 29, Project 
Engineering. In this manner, knowledge of the space- 
craft was available in the SPAC organization from each 
of the broad disciplines that contributed to the design. 
This was the nucleus of the SPAC organization, and was 
responsible for implementing the goals of the group. 
These goals can be summarized as follows: Define facil- 
ity, computer, and staffing requirements; adequately 
staff the various positions; effect training of SPAC per- 
sonnel through procedure generation and test participa- 
tion; analyze flight data; and recommend actions to be 
taken during the mission. 

Detailed knowledge of the major subsystems aboard 
the spacecraft was acquired by the SPAC organization 
through subsystem representatives (usually the cognizant 
engineer or his alternate). Responsibilities of each repre- 
sentative included knowledge relative to the design, 
fabrication, test history, and capabilities of his subsystem 
in flight. In addition, the subsystem representative was 
responsible for achieving the detailed analysis of his 
hardware in flight, analyzing real-time telemetry, advis- 
ing his division representative and the SPAC director 
of the performance of his subsystem, and providing 
information on the status of this subsystem during any 
discussion of action to be taken in case of a nonstandard 

managed directly by him. It  also provided the desirable 
feature of making each subsystem representative respon- 
sible to a member of his own division. The SPAC line 
organization is shown in Fig. V-1. 

During actual flight operations, especially the long- 
duration critical phases, some modification was neces- 
sary in the organization of the Mariner Venus 67 SPAC. 
For these operations, SPAC personnel were organized 
in a functional manner rather than by individual (as 
described above). During planning phases, the division 
representative, for example, is an individual charged 
with the responsibilities of that position. No alternate 
may act in his behalf unless duly authorized by the 
project office, SPAC, and the division in question. This 
is necessary because his duties involve commitments 
and recommendations that are binding on both the 
project and on his division. During an operation, how- 
ever, two facts serve to void this necessity for individual 
responsibility: (1) It is not possible to require individual 
responsibility and extended full-time support sirnultane- 
ously from the same person, and (2) all commitments 
and recommendations that require participation by this 
individual will have been previously made; the respon- 
sibility for those occurring during the operation rests 
with the SPAC director, the SFOD, and the project 
office. As a result, the operational organization of the 
Mariner Venus 67 SPAC permits the position of division 
representative to become a functional responsibility; 
therefore, any qualified person may serve in that capacity. 

Early in the mission, it was attempted to treat the 
position of SPAC director in the same manner. The 
SPAC director, however, is still required to be individu- 
ally accountable during a flight operation because he is 
the only spacecraft representative active in flight oper- 
ations who is recognized directly by the SFOD and the 
project office. Thus, although an alternate could be ap- 
pointed, neither full responsibility nor authority could 
be transferred. To reduce the burden upon the SPAC 
director, his duties were classified as to individual or 
functional responsibility. Those that were individual in 
nature were reserved for the SPAC director; the func- 
tional responsibilities were assigned to the assistant 
SPAC director position, which could be manned by any 
qualified member of the SPAC director’s staff. 

spacecraft condition. 
Another modification to the organizational structure 

of SPAC during flight operations was the elimination of 
the line-structure requirement that all interfacing. be- 
tween the SPAC direction team and the individual sub- 
system representatives be carried out via the appropriate 

With the subsystem representatives supporting the 
SPAC nucleus, the nonstaff portion of the WAC organ- 
ization was essentially complete. This organization pro- 
vided the SPAC director with only a small group to be 
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division representative. Before launch or during routine 
transactions of SPAC business, the direct insertion of 
the division representative is necessary in order to guar- 
antee proper coordination of SPAC effort by that divi- 
sion. During an operation, however, this places upon 
the operation the unreasonable burden of maintaining 
an additional level in the organization. To avoid this, the 
subsystem representatives reported directly to the SPAC 
director, with all reports or recommendations being 
subject to the division representative’s concurrence. 

One staff function was performed for the SPAC direc- 
tor by individuals on loan from the organization of the 
SFOD. These individuals were called operations assis- 
tants, and aided in the integration of the mission-oriented 
SPAC group into the basically mission-independent 
spacecraft performance analysis area. They aIso aided 
in verification and checkout of computer programs to be 
used by SPAC. Subsequently, the operations assistants 
provided the SPAC interface with the facility and the 
computers during the critical (high-activity) phases of 
the mission. During the cruise phase, these individuals 
reverted back to the SFOD organization. Their function 
was then to serve as mission operations controllers dur- 
ing the 24-h/day tracking and data-acquisition activities 
of the cruise phase. During any of the critical phases of 
the mission, including encounter, the operations assis- 
tants were used to augment the activities required of 
the SFO organization. 

Additional line support was available to the SPAC divi- 
sion representatives through specialized support from 
individuals within their divisions who were uniquely 
aware of various assemblies of the spacecraft or who 
had a special analytical ability or management responsi- 
bility. During critical phases of the mission, these indi- 
viduals were not located in the spacecraft performance 
analysis area or the Mariner Venus 67 mission support 
area (MSA), but had access to the data within their own 
complementary analysis team areas, and could contact 
their division representatives by telephone, as required. 
They could be summoned into the operations area for 
consultation by their division represeqtatives or by the 
SPAC director, as the need arose. 

The SFOD requested periodic formal reports on space- 
craft performance from the SPAC director. To achieve 
this objective, it was necessary for the Mariner Venus 67 
SPAC to acquire a documentation engineer. With his 
assistance, the SPAC director was able to publish infor- 
mal weekly reports (to keep appropriate personnel 
informed during the long cruise) on spacecraft perfor- 
mance, and also to maintain an operations log. 

The organization of SPAC just before and immedi- 
ately after launch was augmented by a group called 
SPAC JR at the Air Force Eastern Test Range (AFETR). 
SPAC JR consisted of personnel who were directly in- 
volved with the preparations of the spacecraft for 
launch, but were not members of the launch team. 
After launch, the launch team also joined this group. 
In order to use this existing talent at AFETR, SPAC JR 
was formed under the direction of the spacecraft system 
engineer. The main responsibility of SPAC JR was to 
support, in an advisory capacity, the effort of the test 
director before liftoff and that of the SPAC director after 
liftoff, this support to continue for Canopus acquisition 
and also for the midcourse maneuver. A block diagram 
of the SPAC-SPAC JR interface is shown in Fig, V-2. 

3. Operations philosophy. The operations philosophy 
of the Mariner Venus 67 SPAC group was to maintain 
24-h/day coverage by all of the SPAC representatives 
during the critical phases of the mission, such as launch, 
Canopus acquisition, midcourse maneuver, and en- 
counter, and also for most situations requiring ground- 
command action. The basis for this philosophy was the 
recognition that (1) any major imninent change of state 
of the spacecraft should be preceded by an interval of 
extensive data examination before commitment to such 
action, and (2) any recent change of the spacecraft 
should be monitored to verify that all expected results 
are observed, and to ensure against an unexpected effect 
going unobserved. 

A notable exception to the full SPAC coverage require- 
ment stated above was the support requirement agreed 
upon by the project office and the SPAC director for 
the transmission of DC-V9 (ranging on) commands dur- 
ing cruise. This agreement was arrived at after a trial 
period that proved the command to have limited and 
clearly discernible effects upon the spacecraft. The 
agreement stated that SPAC support required for the 
DC-V9 command could be limited to cognizant areas 
that were involved in transmission of the command and 
in analysis of the effects of the command. 

In the early phases of the mission (until L t 2  days), 
SPAC manning for the interval between critical phases 
was provided only by division representatives (or their 
equivalent) and a member of the SPAC director’s staff. 
After Lt-2 days, the SPAC effort was reduced to daily 
reviews of the data, followed by daily meetings of ,the 
SPAC director with the division representatives. Contin- 
uous monitoring of the data was accomplished by an 
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alarm program in the 7044 computer under the super- 
vision of the Venus operations controller. Any violation 
of alarm limits previously read into the computer would 
cause the Venus operations controller to be alerted. 
He would, in turn, notify the SPAC director and the 
appropriate division or subsystem representatives, who 
would take whatever action was warranted. 

Frequently, in situations where an unexpected condi- 
tion existed, some action could be taken on the ground 
to provide better understanding of the condition of the 
spacecraft, or else there was an obvious need for the 
transmission of a ground command. More frequently, 
however, the unexpected condition was only the result 
of bad data or, perhaps, of some unknown condition. 
One aspect of the SPAC function was to ascertain the 
exact cause of an unexpected condition before any overt 
action was taken. The prevailing philosophy was that 
no intentional perturbation to the spacecraft would be 
initiated on the ground unless such action was clearly 
warranted and justified. 

On previous missions, this had been interpreted as 
precluding the transmission of any ground command 
unless it was a corrective action for a particular prob- 
lem. The nature of the Mariner Mars 1964 and Mariner 
Venus 67 missions, however, was such that an extension 
of the basic philosophy was evolved during the mission. 
Ground commands were used to preempt automatic 
features aboard the spacecraft, and to exercise a backup 
to an automatic function before the need for such a 
command was demonstrated. The necessity for this 
change in philosophy resulted from the intricacies of the 
spacecraft logic and from recognition of the appreciable 
one-way transmission time of signals between the space- 
craft and earth at encounter. Before a ground command 
to correct an unexpected condition aboard the spacecraft 
at encounter could reach the spacecraft, the condition 
requiring the corrective command had existed for at 
Ieast 9 min. If that much time was consumed before a 
backup command could be effective, its utility might be 
so marginal as to make it useless. 

4. SPAC interfaces. To complete its task successfully, 
the SPAC group needed numerous interactions with 
other elements of the SFO organization. Those interfaces 
are described herein to provide an understanding of the 
broad scope of effort involved in a spacecraft perfor- 
mance analysis activity. 

a. FaciZity. One of the major interfaces was with the 
Space Flighi Operations Facility (SFOF), which housed 

all of the SFO activity at JPL during the Mariner 
Venus 67 mission. One segment was the MSA, which 
housed the SPAC team for the entire mission. To use 
the MSA properly, it was necessary for SPAC to define 
its equipment needs, including telephones, desks, data 
display devices, and communication-network require- 
ments. After defining the equipment needs, it was neces- 
sary to derive a layout for the various items of equip- 
ment. It was essential that the staff have convenient 
access to various equipment, as required. The final MSA 
room arrangement is shown in Fig. V-3. 

The MSA was completed and occupied by the Mariner 
Venus 67 project in February 1967. It provided an 
interference-free location where Mariner personnel could 
work, meet, and eventually test and execute the en- 
counter sequence when the spacecraft passed the planet 
on October 19, 1967. The MSA also housed SSAC, the 
Venus operations controller, and the SFOD. 

Several shortcomings inherent in the initial SPAC 
MSA were recognized and, in most cases, corrected. The 
noise level generated by the operation of the TTY 
machines was uncomfortable. This irritation was reduced 
by placing sponge-rubber pads beneath each machine, 
but the problem was never entirely alleviated. The space 
between desks (4 ft) was insufficient. A minimum of 
5 ft would be desirable to remove the congestion that 
occurred during scheduled exercises. In most cases, it 
was difficult to pass behind a seated member without 
disturbing him, or snagging clothing on the TTY paper 
dispensers, or knocking objects off of the facing desk. 
The TTY paper dispensers were not part of the original 
plan; they were added later to keep the paper from 
piling up on the floor. Flashing lights were added to 
the telephones so that one could tell at a glance which 
of the many phones was ringing. 

The 3070 printer displayed formatted spacecraft data 
for easy readability. Although the 3070 display lent itself 
readily to real-time data needs, it was very difficult to 
retrieve data several hours old. Unrolling and rewinding 
the output spools of paper were clumsy and time- 
consuming operations. The 3070 printing process pro- 
duced a gritty carbon residue that tended to be messy. 
AIso, after extended hours of operation, the 3070 gave 
off an obnoxious odor. 

It was noted on many occasions that the response 
from the support chief was sluggish. Waiting 15 min or 
more for headsets, TTY paper, or TV monitor regair 
was not uncommon. Exercises were delayed until head- 
sets were made available. A solution to this problem 
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would be to assign each SPAC member a headset for 
the duration of the mission. 

b. Data processing system. The SPAC/DPS interface 
was one of the most important and frequently used 
interfaces throughout the Mariner Venus 67 mission. 
In spite of its relative importance, however, this has 
always been, and remains, one of the weakest interfaces. 

The function of the DPS for SPAC was to perform 
various operations on spacecraft data in real and nonreal 
time in order to make the spacecraft data available to 
SPAC in an easily recognizable and useful form. The 
operations involved in performing these functions were 
buffering, computing, editing, formatting, and routing. 
For the Mariner Venus 67 mission, these functions were 
performed by the 7044 computer at the SFOF and by 
the telemetry and command processor (TCP) at the 
Deep Space Instrumentation Facility (DSIF). The inter- 
face between the DPS and SPAC should have been 
limited, therefore, to a bilateral specification of the 
SPAC data processing requirements and the request for 
certain unforeseen special data processing requirements 
arising during the conduct of the mission. 

As in the past, the data processing requirements for 
SPAC were arrived at unilaterally by SPAC personnel 
who were generally unfamiliar with the organization 
and the capabilities of the DPS. There was, therefore, 
no a priori knowledge as to whether or not the DPS 
could efficiently meet SPAC requirements. The requests 
were accepted, and certain dates for DPS progress re- 
ports and deliveries were established. During the imple- 
mentation of the SPAC data processing requirements, 
the periodic DPS progress reports made it increasingly 
clear that the established delivery dates would not be 
met. By far the major contributor to the schedule slips 
experienced by the DPS were those associated with the 
7044 redesign. The 7044 redesign program was completed 
3 mo behind schedule. It was a mission-independent 
program; therefore, no ready response was made to proj- 
ect requests. The 7044 redesign program, however, was 
germane to the Mariner Venus 67 data processing pro- 
grams, and its schedule slips directly affected, and in- 
deed were responsible for corresponding schedule slips 
of the mission-dependent programs. As a consequence 
of these schedule slips, many of the SPAC activities 
were adversely affected (see Subsection C-6). 

In an attempt to salvage as much of the DPS capa- 
bility as possible, the SPAC data processing require- 
ments were assigned priorities by the SPAC director. 

The highest priorities were assigned to real-time, data- 
number SPAC formats. Through the exemplary efforts 
of various members of the DPS, these real-time formats 
were made available for launch, and were continuously 
improved upon throughout the mission. The price paid 
for the availability of the real-time programs, however, 
was the forfeiture of engineering-unit formats and the 
relatively poor response associated with the nonreal- 
time formats. 

In retrospect, to eliminate many of the difficulties 
encountered during the Mariner Venus 67 mission, the 
following improvements should be considered for future 
missions : 

The generation of SPAC data processing require- 
ments should be accomplished bilaterally between 
SPAC and the DPS with the aid of a DPS repre- 
sentative assigned to SPAC. 

The constraints imposed by mission-independent 
programs should be minimized. 

The project office should be able to influence the 
DPS in the DSN to a much greater extent than was 
possible for the Mariner Venus 67 mission. 

DPS capabilities should be demonstrated well in 
advance of SPAC tests. 

Adherence to the above recommendations may not 
alleviate all of the problems historically associated with 
the SPAC/DPS interface, but will improve the status quo 
by at least an order of magnitude. 

c. Deep Space Instrumentation Facility. The necessary 
interaction between the DSIF and SPAC was handled 
by the SPAC director and the telecommunications divi- 
sion representative (or their alternates). During critical 
operations, the DSIF project engineer was accessible to 
SPAC only through the SFOD. Because all telemetry 
was received by the DSIF stations, which also transmit- 
ted all commands, it is natural that much information 
about the DSIF stations at any particular point in the 
mission was of interest to SPAC. 

The primary interface activities involved: (1) deter- 
mination of a two-way tracking schedule in conjunction 
with the FPAC group, (2) discussion regarding the use 
of the 210-ft antenna at the Goldstone Mars Deep Space 
Station (DSS 14), and (3) determination of the proce- 
dures involved in sending commands and receiving 
spacecraft telemetry signals. Periodically, it was neces- 
sary to request from the DSIF such information as station 
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time, transmitter frequency, ground-received signal level, 
or a readout of some telemetry channel directly from the 
telemetry processing equipment at the station. When 
problems occurred in the communications lines bringing 
telemetry data into the SFOF, it was necessary to request 
the DSIF to monitor various telemetry channels, and 
report by voice when and if these channels changed in 
value. This permitted rapid action on the part of per- 
sonnel in Pasadena, even if they were unable to view the 
telemetry that was being received at the station at that 
particular moment. 

An example of the special functions that the DSIF was 
requested to perform is monitoring of the analog re- 
corders at the station to fix the time when frequency 
transients were noted on the downlink signal. One type 
of frequency transient occurred when the spacecraft 
cyclic command occurred while the spacecraft receiver 
was in a one-way lock condition. The SPAC requirement 
for precise timing of the transients was based upon a 
need for accurate information about the spacecraft cen- 
tral computer and sequencer (CC&S) count rate. 

The DSIF received-signal level was displayed during 
the mission in the Mariner MSA on an analog recorder 
and as digital data in a 100-w/m TTY. This requirement 
was established after detailed investigations into the 
implementation of the spacecraft roll inertial control 
mode indicated that the high-gain antenna pointing error 
was the only measurable roll-attitude indicator. This 
capability to monitor received-signal level permitted the 
telecommunications analyst in SPAC to gain some knowl- 
edge about the signal-level changes as a function of time. 

d.  Analysis areas. The interfaces with the other two 
analysis areas (SSAC and FPAC) were very important 
to the successful accomplishment of its responsibilities 
by SPAC. The SSAC group was able to assist SPAC in 
the interpretation of the scientific mission objectives so 
that proper determination of the mission plan could be 
effected. SPAC felt a responsibility to implement the 
desired goals of the scientific community whenever these 
could be accomplished without detrimental effect upon 
the final accomplishment of a successful encounter 
sequence. 

Evaluation of the science data by the science-cognizant 
engineers and scientists provided the SPAC group with 
an indication of the environment that the spacecraft was 
observing, and also provided useful inputs to SPAC rela- 
tive to the occurrence of various events. 

Some of the state changes observed aboard the Mariner 
V spacecraft were evidenced in both the science and 
engineering telemetry. Correlation of the times of these 
occurrences in both telemetry types permitted more con- 
crete verification and analysis of these changes. The 
interface between SPAC and the SSAC was effected by 
the SPAC director and the SPAC science representative, 
each of whom had contact with the SSAC director. 
Additionally, the SPAC science representative was in 
direct communication with the science subsystem cog- 
nizant engineers, who were located in the SSAC area. 
Later in the mission operations, direct communication of 
an informal nature between the SPAC director and SSAC 
personnel was found to be more convenient under certain 
circumstances, 

The FPAC group provided SPAC with trajectory infor- 
mation, including the geometry of the spacecraft relative 
to the sun, earth, and other celestial objects during the 
mission, with special support being given during launch, 
midcourse maneuver, and encounter. This information 
permitted detailed and knowledgeable interpretation of 
the performance of the spacecraft as far as both the 
telemetry and the radio signals observed on earth were 
concerned. An important function of the FPAC group 
was the prediction of the frequency for transmisson to 
the spacecraft. This was necessary because of the con- 
tinually changing doppler effect upon the radio signal. 
The availability of such information to SPAC permitted 
better analysis of the radio signals, as well as rapid 
lockup of both the uplink and downlink signals. 

e. Venus encounter preparation working group. The 
Venus encounter preparation working group (VEPWG) 
greatly influenced operations within SPAC for the en- 
counter portion of the mission. The VEPWG was one of 
several groups established by the Mariner project office 
in July 1967 to support SFO in preparations for the 
remainder of the Mariner Venus 67 mission. Basic respon- 
sibilities of VEPWG were to augment the SFO organiza- 
tion by studying the potential encounter phase at greater 
length, and to make recommendations to this organi- 
zation and the Mariner project office as to the strategy 
that should be employed to maximize the probability 
of mission success. The major outputs of VEPWG were 
the following recommendations: 

(1) Encounter in the DC-V15 attitude control (AC) 

(2) Preempt MT-7 with DC-V25. 

(3) Preempt MT-8 with DC-V24. 

roll mode. 
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(4) Enter S-band occultation in the one-way (non- 
coherent) tracking mode. 

I n  addition, VEPWG generated the encounter- 
sequence flow diagram and sequence of events. The 
chairman of VEPWG was the SPAC director, and his 
committee was composed of experimenters, technical 
division representatives, SPAC division representatives, 
and representatives from DSIF, DSN, FPAC, SSAC, 
and DPS. 

In the preparation for encounter, hidden facets of the 
spacecraft design and operation were uncovered and/or 
rediscovered to a much greater extent than had been 
anticipated. The acquisition of detailed knowledge rela- 
tive to the spacecraft design and predicted performance, 
based upon testing, was very useful in the evolution of 
the encounter sequence plan. This plan was thoroughly 
tested before encounter with a series of tests conducted 
with the 9ight-support spacecraft. 

5. SPAC data output. The Mariner V spacecraft data 
for SPAC were supplied by the following five sources : 
7044 computer, 7094 computer, TCP teletype data, 
ground telemetry system (GTS) decommutatsr and 
Franklin printer, and green-box/brush-recorder data. 

were necessary to handle the data flow rate for the first 
month. The T T Y  machines were modified to print out data 
in data number (DN). The format for the 60-w/m TTY 
was so designed that the engineering sync word (127) 
for each high-rate deck would appear at the front of each 
line of TTY data. To indicate a DN greater than 100, a 
bar was placed under the first digit of a two-digit num- 
ber, reading from left to right. To indicate low-rate deck 
channel numbers, the last two digits of each low deck 
channel number were placed on the right side of the 
TTY printout. Medium deck position and science frame 

The 7044 computer provided three outputs that were 
used by SPAC. The first was the Stromberg-Carlson 3070 
electrostatic printer. The second consisted of selected 
telemetry measurements sent to TTY machines that were 
modified to operate at a rate of 100 w/m. The third out- 
put of the 7044 was a plot of the telemetry data on a 
Milgo 30 X 30-in. plotter. This latter device had the 
capability of printing and displaying a total of 24 engi- 
neering channels. The plotter was broken down into 12 
subfields, with a maximum of four channels per subfield. 

In addition to several special programs, the 7094 com- 
puter provided three data outputs that were used by 
SPAC: (1) The engineering data decommutation program 
(ENG. DECOM.), which listed all of the data from each 
engineering channel, and decommutated and identified 
the lower deck positions and data. These data were dis- 
tributed to SPAC personnel every week. (2) The systems 
suppressed data program (SSDM), which was used to 
reduce the printout of nonchanging engineering teleme- 
try channels. This program was used for only a short 
time at the beginning of the mission. Its termination was 
based upon a survey showing that the suppressed data 
package was always larger than ENG. DECOM. with all 
data. (3) Outhut from the engineering telemetry plot 

program (EDPLOT). With the EDPLOT program, se- 
lected telemetry channels could be plotted to desired 
time scales, providing SPAC personnel with a graphic 
display of engineering telemetry data for each channel. 
The output from this program was reduced to the con- 
tinuously changing channels of AC positions and ground- 
station automatic gain control (AGC) because of the 
short time scale over which the data were plotted. 

A third source of data (the most important for real-time 
support) was TTY data. The prime TTY data source was 
the high-speed TTY machine (100 w/m). Data for the 
TTY line were formatted in the TCP at the tracking 
station, and then transmitted over the high-speed data 
line (HSDL) directly to the SFOF 7044 computer, which 
converted and formatted the data for the 100-w/m TTY 
machines. If required, the 7044 could also process the 
8% bits/s TTY data. This format, which came through 
the communications processor (CP) computers from the 
TCP at the stations, printed out only the engineering 
channels that the user at each position was interested in 
evaluating. 

The second SPAC TTY data source was two 60-w/m 
TTY lines that were connected from the TCP computer at 
the station through the CP computers. Each TTY line 
could handle 30 bits/s of data. Because the spacecraft data 
rate could be as high as 33% bits/s, two TTY machines 

count-were also indicated to help facilitate data reading. 
All data, both engineering and science, were sent to 
Pasadena to ensure that all possibilities were considered 
in evaluating anomalous conditions. 

The third type of TTY data used was called raw-data 
backup. The raw-data backup was transmitted over the 
same 60-w/m T T Y  as was used for the raw data. The 
difference in formatting was as follows: The raw-data 
backup had none of the low deck position indicators, 
and the word sync (127) could appear anywhere in the 
printout, whereas raw data had the sync word at the start 
of each TTY line. The SPAC team relied primarily on the 
high-speed data and the raw data for real-time engi- 
neering decisions. 
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The fourth data output available to the SPAC team was 
a GTS decommutator and a Franklin printer, which were 
located in the SPAC area. This output device was identi- 
cal to that used at the System Test Complex during 
spacecraft system tests. The output of the Franklin printer 
was used primarily during periods when the raw TTY 
and 7044 high-speed TTY lines were down. 

The green box was a special display source and hard- 
wire computer employed within SPAC. The green box 
consisted of data-conversion equipment driven by either 
the HSDL or the 60-w/m TTY lines at 8% bits/s. This 
equipment was developed and used by the guidance and 
control analysts to provide a rapid analog display of im- 
portant telemetry channels. Some other important func- 
tions that the green box performed are as follows: 

Operated the station AGC plotter for telecommuni- 
cation in the SPAC area; also, plotted station AGC 
on the brush recorder. 

Operated the real-time data translator (RTDT), 
which presented science data in octal form. 

Had octal counters that showed the number of 
events in channels 115 and 116. 

Had a red light indicator that monitored perfor- 
mance of the high-speed TTY line (light indicated 
whether data were continuous or intermittent). 

Contained a switch that could be initiated to 
change data beginning received in data bar back 
to normal data. 

Provided an interface with the incoming data for 
the GTS decommutator and Franklin printer. 

Provided signals to the Sanborn recorder that 
plotted telemetry channels aiding in Canopus 
acquisition. 

This technique of displaying digital telemetry data 
to satisfy unique requirements proved to be worthwhile 
throughout the mission, particularly in the early phase, 
at the time of Canopus acquisition, and during the mid- 
course maneuver. The green box proved to be a vital 
source of data in its support of SPAC requirements. 

Each of the outputs available to the SPAC team was 
intended to fulfill a specific purpose. The 3070 printer 
output was used continuously throughout the mission 
by the SPAC director and the mission operations controller 
to assess the status of the spacecraft, and by the telemetry 
subsystem analysts to verify the state of their subsystems. 

These printers had the desirable capability of printing all 
telemetry channels. Not all SPAC personnel had ready 
access to a 3070 printer, however, because only two were 
available. Subsystem data analysts used the output of the 
high-speed teleprinters, driven by the 7044 computer, as 
their prime data source throughout the mission. The out- 
puts of these devices were specially formatted, with only 
telemetry channels of interest displayed to each analyst. 
The Milgo plotter output was used by the AC engineer 
to analyze the performance of the spacecraft control 
system in its limit-cycle operation. 

The ENG. DECOM. program output was intended to 
provide a complete nonreal-time record of spacecraft 
engineering data in a reasonably compact form, thus 
supplying each SPAC analyst with a reference library 
of telemetry data. The SSDM program was intended to 
supplement ENG. DECOM., but in a compressed form 
very similar to a nonreal-time alarm record. SSDM was 
of little value; therefore, it was terminated early in the 
mission. The EDPLOT output was to provide a graphical 
equivalent to ENG. DECOM. for selected measurements. 

All data generated during the Mariner Venus 67 mis- 
sion were stored by an organization of the SFOF called 
document control. Having all of these data on file pro- 
vided the SPAC representatives with a means of obtain- 
ing and reviewing any segment of the mission. 

A master data library (MDL) of engineering telemetry 
data has been generated to compile all of the best data 
recorded at the DSIF stations on magnetic tape. The 
MDL provides an accurate and reliable record of all 
mission data. The output of the MDL, as far as engineer- 
ing telemetry is concerned, is in two forms. The first is 
a microfilm of an engineering lister, which is essentially 
a high-deck, decommutated listing of all engineering 
channels in their decimal-value format; i.e., without engi- 
neering conversion. The second form is ENG. DECOM. 
stored on magnetic tape. 

6. Performance Evaluation 

1. Performance parameters. It should be noted at the 
outset that no direct method is available to evaluate 
the SPAC group. The Mariner Venus 67 SPAC was char- 
tered to monitor the spacecraft to determine from the 
telemetry the state of the spacecraft, and to recommend 
to the SFOD and the project office any action necessary to 
effect the achievement of the mission objectives. Because 
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SPAC performed these functions, and the mission objec- 
tives were achieved, the SPAC activity must be consid- 
ered successful. The charter, however, allows such a 
broad spectrum of action that mission success is a very 
gross indicator of SPAC performance. 

If the spacecraft is designed to perform its mission 
with no support from SPAC, and it does, then the SPAC 
group supporting that spacecraft is more successful than 
one heavily supporting a spacecraft that failed. Obvi- 
ously, if the failure can be traced to an act of either 
commission or omission by SPAC, then the SPAC group 
was at fault; in all other cases, no absolute criterion 
exists for measuring the effectiveness of SPAC. 

The true evaluation of the Mariner Venus 67 SPAC is 
further complicated by the fact that SPAC recognized 
the difficulty involved in responding to spacecraft 
anomalies with effective corrective action, especially at 
planetary-encounter distances, with the associated 9-min 
communications turn-around time. The primary effort, 
therefore, was directed towards the implementation of 
an operations plan that would prevent anomalous pre- 
emption of an automatic spacecraft function; as a result, 
operation of those automatic functions was never fully 
verified. Thus, no after-the-fact information is available 
to verify that the action of SPAC was required. Any 
evaluation of SPAC performance must rest solely on an 
assessment of the quality of the analyses that led to the 
adoption of preemption as a flight procedure. 

To the SPAC personnel themselves, the best indication 
of the performance of SPAC was found in the high 
degree of preparedness for the critical phases of the 
mission demonstrated during SPAC anomaly tests (see 
Subsection C-6, below). A very large number of possible 
failure modes had been investigated and provided for, 
either through preventive action or the adoption of a 
plan for corrective action. 

SPAC testing showed that the capability to react was 
high. Telemetry predictions allowed almost immediate 
recognition of failure modes; exchange of information 
was quick and complete; and nonstandard procedures 
were well understood. During actual mission operations, 
the SPAC representatives performed their duties with the 
efficiency and dispatch of a highly professional team. 

As with any undertaking of this magnitude, a number 
of areas stand out as primary contributors to success, 
whereas others demonstrate considerable room for im- 
provement. These latter areas are discussed in the para- 
graphs that follow. 

2. Facilities. In general, the facilities provided for the 
Mariner Venus 67 mission operations were quite satis- 
factory. Two deficiencies, however, are worthy of special 
attention: (1) the DPS schedule slip that manifested 
itself in modified test schedules and the modification of 
the planned primary display devices for SPAC, and (2) 
the somewhat cramped and noisy quarters provided for 
SPAC operations. 

During the initial planning phase of the Mariner Venus 
67 SPAC data-display system, the prime real-time display 
devices were to be the lOO-w/m TTY machines. These 
were to display 7044-processedY high-speed data for each 
of the SPAC members. The data were to have been of 
two general types, engineering units and DNs, specially 
formatted to the specific requirements of each SPAC 
member. Because of the 7044 redesign, however, it soon 
became apparent that the software design was behind 
schedule. 

In an attempt to lighten the software load, the various 
SPAC formats were reevaluated by the SPAC director, 
and format priorities were established. The intent was to 
supply as much of the requested data processing capa- 
bility as possible in the time remaining until launch. Be- 
cause SPAC members were by that time well acquainted 
with the raw-data and raw-data-backup formats provided 
by the TCP (and used during numerous SPAC tests), 
first priority was given to DN formats, with lower priori- 
ties being given to engineering-unit formats. In addition 
to establishing a priority for various formats, the SPAC 
director requested the distribution of 60-w/m TTY 
machines throughout SPAC in case the 7044-processed 
data experienced further delays. 

The SPAC area was, therefore, capable of operating 
completely independently of processed high-speed data. 
In a further effort to protect SPAC from possible data 
processing equipment failures, a Division 34 analog-to- 
digital converter (A/DC), the green box, was used in 
conjunction with the HSDL to drive the Division 33 GTS 
and the Division 32 RTDT (see Subsection 6-6, below). 
The green box was to be the last source of data should 
both the CPs and the 7044 be malfunctioning. As con- 
servative as this approach may seem, it proved to be 
fortunate during numerous operations when the green 
box was the only source of real-time data to SPAC. Dur- 
ing the high-bit-rate portion of the flight, when the 
60-w/m TTYs were lagging and the 7044 was not avail- 
able, the green box again proved its usefulness when it 
was the only source of real-time spacecraft telemetry data. 
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The nonreal-time, telemetry data processing require- 
ments for SPAC were the ENG. DECOM., EDPLOT, and 
SSDM programs. Of these, ENG. DECOM. was by far 
the most useful. Its only deficiency was the fact that it 
was seldom available within the 24-h desirable period. 
ENG. DECOM. did, however, prove to be useful for 
nonreal-time data analysis. It was generally felt that the 
two latter formats, EDPLOT and SSDM, did not warrant 
the expense and effort required for their generation. 
EDPLOT, although it fulfilled a necessary function for 
Divisions 33 and 34, was found to be too cumbersome 
and expensive. For future missions, it is recommended 
that either a simpler computer method be employed or 
that this function be performed by hand plots. SSDM 
never fulfilled its data-compression function because its 
output was generally longer than the unsuppressed data. 

The 7044-processed formats were found to be ex- 
tremely useful for SPAC during the Mariner Venus 67 
operation, and should be retained for future missions. 
These were the 100-w/m TTY formats, the alarm for- 
mats, and the latest available data formats. They per- 
mitted the automatic monitoring of the spacecraft during 
noncritical portions of the mission, thereby alleviating 
the necessity of full-time SPAC support for extended 
periods, 

To avoid repetition of the difficulties experienced with 
the DPS on the Mariner Venus 67 and Mariner Mars 1964 
missions, the following recommendations for future 
missions may prove to be helpful: 

physically small, fulfilled its intended function of check- 
ing out the TCP, and permitted the SPAC members to 
become familiar with the raw-data and raw-data-backup 
formats, as well as gaining a better understanding of the 
spacecraft itself. 

In February 1967, the SPAC test operations were 
moved to the SFOF MSA (see Subsection C-6, below). 
This facility was so arranged as to house SPAC, SSAC, 
and the Venus operation controllers in one large, irreg- 
ularly shaped room. Although the physical proximity of 
these three groups was desirable from a communications 
standpoint, the allocated space for these functions proved 
to be quite small. Because of this general lack of suffi- 
cient working area, the space allocated to SPAC members 
was restricted to half of a 3- by 5-ft table in the best case 
(during noncritical periods) and to a chair, without a 
working area, in the worst case (during critical periods). 

For future missions, it is suggested that more space 
be allocated to SPAC operations, and that an attempt 
be made to design a facility with acoustically absorbent 
characteristics. 

In summary, the facilities available to the SPAC group 
were adequate for the most part. The physical layout 
was cramped, but acceptable. The data processing facil- 
ities were generally adequate for real-time telemetry, 
although certainly not optimum. Computer outages 
proved to be a continuous problem throughout the cruise 
phase of the mission, although performance during the 
critical phases was generally quite good. Nonreal-time 
data processing never came up to expectations. Computer 
program development suffered significantly from the 
following: (1) lack of a firm schedule commitment, (2) 
lack of a clear definition of responsibility, and (3) lack 
of project control over the DPS. In the future, special 
requirements could be satisfied outside of the SFO sys- 
tem with the use of Mariner-peculiar equipment, when 
necessary. 

(1) SPAC should be assigned a permanent Division 31 
representative for data processing. 

(2) SPAC data processing requirements should be 
clearly stated in language understandable by the 
data processing support organization. 

(3) SPAC data processing requirements should be 
made known to the support group early in the 
mission (approximately 15 mo before launch). 

(4) The project office should be capable of exercising 
more influence on the DPS (mission-independent 
program requirements should be kept to a mini- 
mum). 

(5) The DPS should demonstrate its ability to fully 
support SPAC operations 6 mo before launch 

Because of the unavailability of SPAC facilities in 
SFOF, the early phases of SPAC testing were conducted 
in the Spacecraft Assembly Facility (SAF) at the north- 
west corner of the high bay at JPL. This area, although 

3. Organization. 

a. Internal organization of SPAC. Review of the SPAC 
organization revealed that basically it was adequate to 
accomplish its required tasks. The SPAC organization was 
fashioned along the lines of the Mariner Venus 67 proj- 
ect, with division representatives reporting to the SPAC 
director and subsystem representatives reporting to the 
division representatives. By bringing the influence of 
the SPAC division representatives to bear within their 
own divisions, the SPAC director had an effective means 
of implementing SPAC policies among all members of 
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the organization. This technique proved to be effective 
in achieving various tasks desired of the subsystem 
representatives. 

Three noticeable deficiencies should be corrected for 
future missions. First, there was no full-time SPAC PPS 
representative. The requirement for such an individual 
was recognized during the Mariner Mars 1964 mission, 
but was never fully implemented. As a result, personnel 
who were not thoroughly familiar with many facets of 
the 7044/7094 computer system in the SFOF were forced 
to participate in the resolution of many computer- 
interface problems. With insufficient time to learn the 
computer system adequately, the SPAC personnel were 
not very helpful in resolving computer problems. 

In retrospect, having the proper personnel responsible 
to the user side of this interface would have eased the 
problem experienced in checking out the computer pro- 
grams. Another function of the data-handling repre- 
sentative would be to resolve any difficulties in the 
distribution of data or in the establishment of computer 
program operational requirements, working in conjunc- 
tion with data processing and SPAC personnel. In the 
future, a plan should be worked out to provide such an 
individual, who would be influential in the DPS organ- 
ization. The experience gained on this project indicates 
that the dollar savings possible through the use of a 
DPS representative would certainly justify his presence. 

The second area that can be noted as a deficiency in 
the SPAC organization is the relationship between the 
SPAC director and the Division 32 science represen- 
tatives and engineers, who report through him to the 
SPAC. It is suggested that future projects provide 
science-instrument engineers to be part of SPAC, report- 
ing to the SPAC director through the Division 32 repre- 
sentative, as is the case with other technical divisions. 

Informally, the SSAC directors on the Mariner Mars 
1964 and Mariner Venus 67 projects have allowed the 
SPAC director to have nearly this type of interface with 
the Division 32 representative and instrument-cognizant 
engineers, as this requirement became clearer during 
each mission. This informal working arrangement had 
only minor problems in the past because of the good 
working arrangement of all concerned individuals. How- 
ever, recognizing this need in the organization removes 
personalities from organizational consideration. This 
arrangement will also enhance direct communication, as 
required, between the instrument-cognizant engineers 
and other subsystem engineers on the Mariner SPAC. 

As was learned during the Mariner operations, frequent 
opportunities occur for exchange of information between 
the SPAC director and the science engineers and engi- 
neers from other spacecraft subsystems. This fact was 
not sufficiently acknowledged in the organization of 
SPAC and SSAC. 

In actual practice, it was also confirmed that the 
science-analysis area can effectively be divided into 
operational personnel (instrument-cognizant engineers) 
and scientific data-analysis individuals. The latter are 
generally the cognizant scientists and associated investi- 
gators. A special interface was established with the 
scientific investigators who were located in another area. 
This interface was handled by the SSAC director and his 
alternate. 

The experience of both the Mariner Mars 1964 and 
Mariner Venus 67 missions reinforced the necessity for 
a documentation engineer. Initially, this need was not 
sufficiently fulfilled, which was unfortunate (particularly 
on a mission of such long duration) because ability to 
document progress on a continuing basis is most impor- 
tant. Keeping of accurate records and logs is a prerequisite 
to good documentation. SPAC efforts in this respect were 
not of the desired quality (mostly in regard to time- 
liness). There is a great need for an individual on the 
SPAC director’s staff whose sole responsibility would be 
SPAC documentation on a continuous and project-to- 
project basis. 

From an operational point of view, the- necessity for 
adequate procedures cannot be minimized. The 
documentation engineer should be able to provide the 
assistance required in having the procedures published. 
Another benefit of the documentation engineer’s partici- 
pation in the SPAC effort would be dissemination of 
spacecraft performance information on a weekly basis. 
This effort would serve to keep project personnel in- 
formed throughout the mission, including individuals 
who were reassigned to other projects after the spacecraft 
launch and initial flight operations. These weekly reports 
would solve one of the big potential problems of a mis- 
sion of many months’ duration; i.e., a sense of participa- 
tion in flight operations for personnel who participated 
heavily in the prelaunch phase. 

As a result of the Mariner Venus 67 SPAC experiences, 
it is recommended that, in the future, key positions in 
the project organization be staffed to include one quali- 
fied individual whose prime purpose is to provide full- 
time documentation support. This individual must be a 
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qualified and experienced technical writer, and a member 
of the SPAC director’s staff. He should provide documen- 
tation support to the early SPAC testing, SPAC meetings, 
procedure meetings, and encounter-preparation meetings. 
The writing of the meeting minutes, test results, and 
preparation of procedures will better enable the keeping 
of an accurate operations log and the documentation of 
SPAC and spacecraft performance. His function will also 
free the engineers to do more planning by reducing their 
documentation time. 

The daily Mission Operations System (MOS) meeting, 
although demanding, proved to be quite helpful in the 
dissemination of project status and other information. The 
documentation requirements of a daily report, a weekly 
report, and a final report were felt to be somewhat 
repetitive, but each fulfills a required need. 

4. Preparation and planning. SPAC preparation and 
planning were done by the SPAC director with the aid 
of the division representatives. Most of the SPAC division 
representatives were spacecraft-design oriented, and 
were required to phase out of these activities to allow 
more time for flight-operations-oriented activities. Special 
meetings were held by the SPAC director with the divi- 
sion representatives to discuss such topics as data-display 
requirements, data processing requirements, SPAC or- 
ganization, and SPAC testing requirements. These activi- 
ties were complementary in regard to the establishment 
of the configuration of the Mariner MSA, checkout of 
(and familiarization with) the computer programs, and 
the generation of operations procedures for SPAC. These 
meetings also provided a sounding board for all aspects 
of the SPAC effort. The results of these meetings were 
instrumental in the success of the Mariner Venus 67 
SPAC preparations. 

After launch and the reorientation of mission opera- 
tions into the more routine cruise phase, a series of daily 
(except weekend) SPAC meetings was initiated. The 
principal purpose of this series of meetings was reviewing 
spacecraft performance of the preceding day in order to 
provide feedback to the SFOD and the project office as 
to the progress of the mission. From the viewpoint of the 
SPAC direction team, the daily-meeting technique was 
extremely effective in providing total SPAC performance 
coverage. 

As a result, these meetings provided much insight into 
the operation of the spacecraft by essentially dividing the 
discussion of spacecraft performance into smaller, more 
easily assimilated segments. Had the meetings been held 

less frequently, certain aspects of spacecraft performance 
might have been inadvertently ignored in the conduct of 
routine business. Ample opportunity was available to the 
participants to mention and discuss some of the finer 
points of spacecraft performance and operation because, 
on many days, there was only minimum reporting to 
be done. The overall education and training of the SPAC 
group members was enhanced through the exchange of 
information among them in specialized areas of operation. 

Finally, it was the constant interaction between the 
SPAC director and SPAC division representatives that 
resulted in the ability of SPAC to take the lead in the 
generation of the mission operations plans that were 
developed and executed during the flight. 

Operational procedures to be used during the critical 
phases of the mission were generated by the SPAC group 
before the respective phases occurred. Preparation of 
these procedures required considerable reflection upon 
what should be done in a great variety of situations. The 
very act of putting on paper the various plans that could 
be followed greatly increased the preparedness of the 
SPAC group for unexpected conditions. Without having 
considered in advance as many conditions as possible, it 
is questionable that all necessary considerations concern- 
ing any particular action would have been forthcoming 
when that condition actually occurred in 3ight. The 
procedures were highly complementary to mission oper- 
ations. It is recognized, however, that a greater benefit 
accrued from generating the operational procedures than 
from having the procedures on hand at the beginning of 
the missiofi phases. 

The philosophy of SPAC followed the project guide- 
lines of sending as few spacecraft commands from the 
ground as possible. Each command that was transmitted 
was thoroughly justified; its effect upon the spacecraft was 
analyzed; the effect of failure modes that could be 
induced was analyzed; and, after all this analysis, the 
recommendation was made and permission was granted 
by the project office for the command to be transmitted. 
This rigorous review of anticipated action demanded 
individual mental and written justification of the intended 
operations the better to understand and explain some 
of the ramifications of the suggested action. In effect, if 
commands could not be justified, they were not sent. This 
philosophy is endorsed and recommended very highly for 
future mission operations. 

One of the most significant assets to the Mariner Venus 
67 SPAC in preparation for critical phases of the mission 
was the test program (see Subsection C-6, below). During 
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initial testing, the test objectives were to check out the 
DPS, the facility, and the analysis area in general. When- 
ever possible, live spacecraft data from either the Mariner 
V flight spacecraft (M67-2) or the flight-support space- 
craft (M67-1) were used. 

Because the spacecraft design calls for the successful 
completion of the mission without SPAC support, it 
follows that the primary function of the SPAC group 
must be to anticipate, diagnose, and correct anomalies. 
Nominal simulated spacecraft telemetry cannot ade- 
quately accommodate this function. 

5. Operations. The participation of the SPAC group in 
flight operations went very smoothly. The primary reason 
for this was the realization that, during a critical opera- 
tion, spacecraft-performance analysis is a full-time task, 
with no possible allowance for the presentation, discus- 
sion, decision, or recommendation of corrective actions. 
This meant that as many decisions as possible had to be 
anticipated so that SPAC response during the operation 
would be automatic. Recognition of a certain set of 
spacecraft events or parameters would thus lead directly 
to a recommendation of a specific course of action. In 
this manner, the major decisions by SPAC were made in 
advance (after thorough investigation, lengthy discussion, 
and careful review) rather than during the operation. 
The pressure of time and the necessity for correct action 
during the operation would, of course, severely limit the 
capability to give careful consideration to all pertinent 
aspects of the problem. 

Two noteworthy problems were encountered by SPAC 
in flight operations: (1) Effort was required to adapt the 
SPAC organization to make it compatible with 24-h 
operations support, and (2) some difficulty was experi- 
enced in coordinating spacecraft-performance-analysis 
activities with SPAC recommendation and decision activi- 
ties that could not be handled in advance. 

Initially, little notice was taken of the fact that certain 
of the responsibilities of the members of the SPAC group 
were assignable, whereas others lay with specific indi- 
viduals rather than positions in the SPAC structure. As 
a result, the early SPAC organization concept called for 
qualified alternates to replace the primary SPAC mem- 
bers in the less critical portions of any given mission 
phase. Not until after some anomaly tests had been per- 
formed was it realized that certain nonassignable respon- 
sibilities must be borne by the division representatives 
and the SPAC director, on a 24-h basis, regardless of any 
presupposition to the contrary. The nonassignable duties 

were specifically separated from the assignable ones by 
the division representatives. Therefore, in order to com- 
mit his division to support a specific operations phase, 
the division representative must necessarily have com- 
pleted his nonassignable tasks. He may then be replaced 
in the operation by any alternate qualified to perform the 
same level of analysis without jeopardizing the coordina- 
tion effort of the SPAC activities of that division. 

The SPAC director’s position presents a different 
problem. Many of his nonassignable responsibilities 
only begin as the effort shifts from preparation to opera- 
tion. At the same time, the flight operation also brings 
with it a wealth of routine tasks involving the internal 
coordination of the SPAC group and the coordination of 
SPAC activities with the SFO groups external to it. In 
order for the SPAC director to do his job adequately 
(i.e., pursuing the analysis of spacecraft data and re- 
solving potential problems), he had to be as free as 
possible from the routine operational problems and con- 
straints imposed by the remainder of the SFOF and 
some of the mission operations. The routine features of 
the SFO organization were turned over to the operations 
assistants (Bus I, 11, and 111) for each of the major SPAC 
interfaces. 

Observation of previous JPL project operations indi- 
cated that considerable emphasis was placed upon the 
SPAC director’s participation in routine discussions with 
other members of the SFO organization, and upon his 
provision of liaison between SPAC and other elements 
of the SFOF. The Mariner Venus 67 SPAC maintained 
that an operations assistant, with sufficient training, could 
satisfy these requirements, freeing the SPAC director to 
concentrate on the analysis of the spacecraft. This did, 
however, create the problem of the director interfacing 
with the operations assistants. This particular interface 
required a good deal of effort. By the time of launch, 
however, it was felt that the operations assistant was 
an integral part of the organization, and his presence 
greatly aided the total SPAC operations capability. 

During certain critical phases of the mission, condi- 
tions existed that required the SPAC director to be 
available to the SFOD and the project manager for 
extended periods of consultation and discussion. This 
was because he was the only official spacecraft repre- 
sentative during the flight-operations phase of the proj- 
ect. To meet this requirement, it was decided that the 
assignable tasks involved with the routine direction of 
the SPAC group should pass to the position of the assis- 
tant SPAC director, which could be occupied by any 
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of the SPAC director’s staff. This concept of a SPAC 
direction team was employed throughout the mission. 
Inclusion of a communications network for the project 
manager, project staff, and each of the area directors 
reduced the number of times the SPAC director had to 
be absent from the SPAC team. 

The objective of SPAC testing was to ensure that all 
of the above nine requirements were met before SPAC 
was called upon to fulfill its obligation. 

To obtain a better understanding of the general testing 
philosophy used, a brief description of the method of 
accomplishment of each of the above nine requirements 
is presented below. 6. SPAC testing. 

a. SPAC testing obiectives. The two primary functions 
of SPAC are: (1) to evaluate the status and performance 
of the flight spacecraft from liftoff to end of mission, and 
(2) when and if required, to recommend to project courses 
of action involving the flight spacecraft that would en- 
hance the probability of accomplishing the mission 
objectives. These two functions, although separately 
stated, are to a great degree dependent upon one another, 
and are highly complex in nature. 

For SPAC to accomplish the above-stated functions 
successfully, the following nine conditions had to be met: 

Real-time spacecraft data must be available for 
SPAC analysis. 

The data must be routed, displayed, and formu- 
lated in a convenient and meaningful manner. 

Each discipline required to analyze the total be- 
havior of the spacecraft must have access to appro- 
priate portions (at least) of the spacecraft data. 

All of the disciplines must be organized (as SPAC) 
and directed (by the SPAC director) to achieve a 
specific goal. 

Free visual and audio communications must exist 
within and between the disciplines involved and 
the SPAC director. 

The personnel representing the various disciplines 
must be capable of analyzing and assessing the 
behavior of their corresponding spacecraft 
subsystems. 

The SPAC director, aided by the subsystem repre- 
sentatives, must be capable of determining the ef- 
fect of specific behavior (nominal or anomalous) of 
one or more subsystems upon the entire spacecraft. 

A method must be available for potentially chang- 
ing the status of the spacecraft. 

There must be free communication among various 
members of the project organization, other area 
directors, and the SPAC director. 

Spacecraft data availability. Perhaps the most vital 
requirement of those cited above is the availability of 
spacecraft data; without these data, the analysis of space- 
craft behavior would be impossible. Special attention was 
thus given to both the availability and integrity of real- 
time data. 

Figure V-4 is a functional block diagram of the general 
methods used to ensure the reliable availability of real- 
time spacecraft data to SPAC. Aboard the spacecraft, 
transducers in the various subsystems send digital and 
analog data to the data encoder (DE). The analog data 
are converted to 7-bit binary words, and (along with the 
digital data) are sequentially sampled at various rates 
and modulated with a pseudo-noise code. The composite 
telemetry signal is then transmitted to the radio sub- 
system, where it is mixed with a stable RF source and 
multiplied to S-band frequency in the exciter. This low- 
level, S-band composite telemetry signal is next amplified 
by either of the two power amplifiers in the spacecraft, 
and finally transmitted to earth via the high- or low-gain 
antenna. 

At the Deep Space Station (DSS), the S-band com- 
posite telemetry signal is received by the DSS 85- or 
210-ft antenna. The signal is then amplified by the re- 
ceiver, and demodulated. The demodulator transmits bit 
sync, word sync, and serial binary data to the TCP; 
the TCP, in turn, decommutates, identifies, and formats 
the data. At the output of the TCP, the spacecraft data are 
handled in two functionally redundant ways, via the 
HSDL and via the two 3O-bits/s TTY lines. The TTY 
lines run directly to the SFOF through the CPs, where 
they drive 60-w/m TTY machines for SPAC personnel. 
After being processed by the telemetry processing station 
(TPS), the data on the HSDL are routed to the 7044 input/ 
output (I/O) processor, which converts and formats the 
data for the lOO-w/m TTY, the 30 X 30 Milgo plotter, 
and the 3070 high-speed printer in SPAC. The data on 
the HSDL are also used by the Division 34 green box 
to display data for Division 34 SPAC representatives, ts 
drive the GTS and provide station AGC (SAGC) for 
Division 33 to SPAC representatives, and to drive the 
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RTDT for the SSAC. The capability also exists to select 
TTY lines as inputs to the 7044 in lieu of only the HSDL. 

Of primary concern during SPAC testing were those 
items of equipment that were new for the Mariner Venus 
67 project. These included the TCP, CP, 7044 redesign, 
and the green box (outlined in Fig. V-4). The intent was 
to pay particular attention to the TCP during the early 
testing phases because it was in series with both the 
high-speed data and the TTY data.' Another area that 
was to receive special attention was the presence of 
SAGC in the high-speed data. 

Data display and formatting. There were two basic 
categories of SPAC formats for the Mariner Venus 67 
project: (1) those associated with the 3O-bits/s TTY lines 
and (2) those associated with the HSDL.2 

The formats associated with the 30-bits/s TTY lines 
were designated as backup-data formats for the mission, 
and were called the raw-data format and the raw-data- 
backup format. Either of these formats could be dis- 
played in special decimal form on the 60-w/m TTY 
machines for use by each SPAC representative. Because 
these data were the least complicated and required the 
least amount of data processing, they were to be made 
available to SPAC at the earliest time; therefore, they 
received a great deal of attention during the early phase 
of SPAC testing. 

The formats associated with the HSDL were charac- 
terized by the fact that they required special data pro- 
cessing by the 7044 redesign software. Because there were 
many SPAC formats in this category. the testing philoso- 
phy was to piace a priority on these formats, based upon 
their usefulness to SPAC, and proceed to test the formats 
sequentially. This led to a testing technique that was 
generally on the order of increasing data processing 
complexity. 

Distribution of SPAC data. The basic objective of the 
distribution of SPAC data was the reliable availability 
to each SPAC representative of data that were considered 
necessary for the performance of in-depth subsystem 
analysis. As a consequence of this objective, a philosophy 
was adopted that required the presence of two func- 
tionally redundant data sources for each SPAC member. 
These sources were: (1) the 30-bits/s TTY data and 
(2) the high-speed (processed) data, 

'In case of a TCP failure, data for SPAC would have been made 
available via voice reports from the DSS. 
'During the later part of SPAC preparation, the capability of using 
the TTY data for 7044 data processing was also available. 

The 30-bits/s data appeared on 60-w/m TTY lines that 
were identical in format at all SPAC stations, Thus, this 
type of output was easily tested by carefully scrutinizing 
any of the many 60-w/m TTYs in the SPAC area.3 The 
high-speed (processed) data, on the other hand, appeared 
on a number of devices and in a great variety of formats. 
It was necessary, therefore, to rely upon the SPAC mem- 
bers using these high-speed-data output devices for com- 
ments concerning the state of readiness and utility of 
these formats. This process of testing introduced an addi- 
tional interface between the user and the agency respon- 
sible for correcting the data output. Because of the lower 
priority and greater complexity of mechanization and 
testing of these formats, it was natural that they be tested 
following the availability of the raw-data formats. The 
distribution of data and personnel within SPAC is shown 
in Fig. V-3. 

Organization and direction. The SPAC organization is 
shown in Fig. V-5. It should be noted that the organ- 
ization of SPAC is hybrid in nature. As shown by solid 
lines in Fig. V-5, the SPAC organization is that of a 
classical vertical organization, thereby ensuring the clear 
division of responsibility and authority at the price of 
degraded communications and slow response times. To 
alleviate these two major disadvantages, a horizontal 
communications system was employed (indicated by 
shaded areas in Fig. V-5), which enabled each SPAC 
member to listen to or speak with any other SPAC 
member. The combined vertical and horizontal organ- 
ization thus afforded a highly responsive and functionally 
organized combined effort. 

To test the effectiveness of the SPAC organization, a 
sequence of progressively more complicated SPAC tests 
was planned, from a r&!atfvely straightforward systems 
test to highly sophisticated induced-anomaly tests. 

Intra-SPAC communication. The internal communi- 
cations of SPAC are discussed above, and illustrated in 
Figs. V-3 and V-5. The testing philosophy employed to 
determine the efficiency of internal communications was 
the same as that described for SPAC organization and 
direction. 

Subsystem analysis and eualuation. Detailed knowl- 
edge of the major subsystems aboard the spacecraft was 
brought into the SPAC organization through subsystem 
representatives, usually the cognizant engineer or his 
alternate. Responsibilities of each representative included 

'At the high bit rate (33?i bits/s), two 60-w/m TTYs were required 
to transmit all of the spacecraft data to SPAC. 

JPL TECHNICAL REPORT 32-7203 157 



I r------ I 

INDICATES THAT A L L  SPAC 
PERSONNEL HAVE COMMON 
SPEAKING AND LISTENING 
CAPABILITY 

Fig. V-5. Internal SPAC organization and communications 

158 JP L TECHNICAL REPORT 32- I203 



knowledge relative to the design, fabrication, test history, 
and capabilities of his subsystem in flight. In addition, 
the subsystem representative was responsible for analy- 
zing in detail his hardware in flight, analyzing real-time 
telemetry, advising his division representative and the 
SPAC director of the performance of his subsystem, and 
providing information on the status of his subsystem 
during any discussion of action to be taken in case of 
a nonstandard spacecraft condition. To aid the subsystem 
and division representatives in fulfilling their responsi- 
bilities, special analysis areas were set up for each divi- 
sion. These CAT areas consisted of personnel who, in 
the opinion of the division representatives, could signi- 
ficantly contribute (from a management and/or technical 
standpoint) to the analysis of spacecraft behavior during 
critical or nonstandard portions of the mission. 

The philosophy employed in the testing of subsystem 
analysis and evaluation consisted of subjecting the SPAC 
members to progressively more sophisticated tests with 
either the Mariner V flight-support spacecraft (M67-l), 
the Mariner V flight spacecraft (M67-2) (before launch), 
or the Mariner IV flight spacecraft (MC-3) as a data 
source. The operating conditions of these tests would 
resemble, to as great a degree as possible, the actual 
conditions expected during mission operations. 

EvaZuation of overall spacecraft behavior. Before any 
recommendation to change the status of the spacecraft 
could be made, the overall behavior of the entire space- 
craft had to be determined based upon the input of 
each SPAC member. This process was normally carried 
out in the SPAC area for nominal flight sequences, and 
in the decision-revision-decision (DRD) conference room, 
in the presence of appropriate personnel, during poten- 
tially anomalous or nonstandard spacecraft conditions. 
The general spacecraft condition having thus been deter- 
mined, a SPAC recommendation would be agreed upon 
and made to project representatives by the SPAC 
director. This recommendation would be to either accept 
or change the status of the flight spacecraft. 

The philosophy of testing employed to determine the 
effectiveness of performing the above task was to induce 
spacecraft anomalies (without the knowledge of SPAC) 
into the test spacecraft, and then to evaluate the response 
time and accuracy of SPAC in responding to these 
anomalies. 

Changing the status of the spacecraft. A decision to 
change the status of the spacecraft having been arrived 
at, a method had to be available to effect this change. The 
method most frequently used was via ground command. 

There were 29 direct commands and one quantitative 
command available for changing the spacecraft status 
via ground command. A detailed description of these 
commands is provided in Table V-1. These commands, 
along with the applications of an uplink S-band signal 
and command modulation, were the sole means of con- 
trolling the status of the flight spacecraft. The judicious 
application of these methods was included in the SPAC 
recommendation. 

As with many of the previous cases discussed, the 
philosophy of testing the eEciency with which SPAC 
made use of the above methods was to subject SPAC to 
progressively more sophisticated induced-anomaly tests. 
These tests were then evaluated, and corrections were 
made to any existing deficiencies. 

SPAC interface communications. Because SPAC was 
only authorized to make recommendations for corrective 
action, and because in many cases other than SPAC infor- 
mation was needed for a project decision, a comprehensive 
method of communications between SPAC, project rep- 
resentatives, and other area directors was necessary. This 
communication was effected through the use of inter-area 
voice networks, inter-area TV monitors, and freedom of 
access (for selected personnel) to each of the MSAs for 
personal communication. 

The effectiveness of these methods of communication 
was continuously assessed during the numerous SPAC 
tests. 

b. SPAC test schedule. The schedule for SPAC testing 
is shown in Fig. V-6. The testing schedule was divided 
into 18 different types of tests generally representing the 
state of SPAC readiness to support various phases of 
the Mariner Venus 67 mission operations. Figure V-6 
shows each of the 18 types of tests subdivided horizontally 
into two halves. The upper half of a particular item rep- 
resents the planned schedule for the test in question; 
the lower half represents the actual achieved test during 
SPAC testing. 

In all cases except two, at least as many tests were 
performed as planned, and completed within a relatively 
short time of the planned date. That there were any time 
variations at all can mostly be attributed to the fact that 
SPAC test operations were very closely tied to 'the space- 
craft testing schedule. The latter, in turn, was dependept 
upon day-to-day progress, with only major objectives tied 
down to specific dates. 
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Table V-1. Direct and quantitative commands 

No. 
~ 

DC-VI 

DC-V2 

DC-V3 

DC-V4 

DC-V5 

DC-VI 

DC-V7 

DC-VI 

DS-V9 

DC-VI 0 

Name 

Command TLM mode 1 

Command TLM mode 2; 
turn on science 

Track change command 

Command TLM mode 4 

Command switch data 
rate 

Command switch 
A/DC-PNG 

Switch power amplifier 

Switch exciters 

Switch ranging 

Transmit high-receive 
law 

Effect 

'ransfers data encoder to 
mode 1 operation [all 
engineering words) as soon 
as transfer i s  acceptable to 
data-encoder transfer logic. 

'ransfers data encoder to 
made 2 operation (20 
engineering words, 40  
science words) as soon as 
transfer is acceptable to 
data-encoder transfer logic; 
applies 2.4-kHz power to 
science instruments. 

jwitches tape-recorder data 
tracks (playback only). 

'ransfers data encoder to 
mode 411 operation (re- 
corded data or real-time 
engineering data) as soon 
as transfer is acceptable to 
data-encoder transfer logic. 
(if recorded dafa are avail- 
able from tape recorder, 
recorded data are tele- 
metered; if no recorded 
data are present at end of  
tapes, mode 1 engineering 
data are telemetered.) 
Stops tape-recorder mode 
if in operation. 

rransfers data encoder from 
one bit rate to other (data 
encoder can operote at 
either 8% or 33% bits/s). 

rransfers data encoder from 
one A/DC-PNG to other 
(data encoder has two 
A/DC-PNGs, A and B). 

Transfers radio from one 
power amplifier to other; 
radio subsystem has two 
power amplifiers, A 
(traveling-wave tube) and 
B (cavity). 

Changes radio from one 
exciter ta other (radio 
subsystem has two exciters, 
A and B). 

Turns spacecraft radio ranging 
receiver either on or off. 

Causes radio subsystem 
circulator switches to be so 
conditioned that spacecraft 
transmits via high-gain 
antenna and receives via 
low-gain antenna. 

DC-V 

DC-V 

No. 

DC-VI 1 

DC-VI 2 

DC-VI3 

DC-VI 4 

DC-VI 5 

6 

7 

DC-VI 8 

DC-VI 9 

Name 

rransmit high-receive 
high 

rransmit low-receive 
low 

Maneuver command 
inhibit; inhibit prop 
command (turn on 
Canopus sensor and 

AC) 

Remove maneuver 
inhibit; remove prop 
inhibit (resets 
DC-VI 3) 

Canopus gate inhibit 
override 

Start encounter backup 
clock 

Cycle Canopus cone 
angle 

Gyros on-inertial 
control (second-roll 
positive increment) 

Gyros off-normal 
control 

Effect  

Causes radio subsystem 
circulator switches to be so 
conditioned that spacecraft 
transmits and receives via 
high-gain antenna. 

Causes radio subsystem 
circulator switches to be so 
conditioned that spacecroft 
transmits and receives via 
low-gain antenna. 

Removes AC excitation power 
from CC&S control lines so 
that AC functions controlled 
by  CC&S are disabled; also 
prevents pyrotechnics control 
circuits from firing motor 
start and stop squibs. 

Reverses state of  all relays 
acted upon by DC-VI 3; 
therefore, resets DC-VI 3, 
and reverts AC and pyro- 
technics subsystems to CC&S 
control. 

Causes Canopus-sensor roll- 
error signal to be applied 
to roll gas jet electronics at 
all times, regardless of 
whether or not roll- 
acquisition logic is satisfied; 
prevents roll-search signal 
from being applied to roll 
channel,.and roll-acquisition 
logic violations from turning 
on gyros. 

Toggles DAS timer A; used to 
issue backup commands for 
encounter sequence. 

Causes a step change in 
Canopus-sensor cone angle 
by changing voltage on 
deflection plates of image 
dissector of Canopus sensor. 

Turns on gyros (in inertial 
mode) and Canopus-sensor 
sun shade, and turns o f f  
Canopus sensor; also turns 
on furn-cammand generator 
and conditions AC circuits 
for commanded roll turns. 
(Each successive DC-VI 8 
causes positive roll rotation 
of  2.25 dag.) 

Serves as reset for DC-VI 5, 
DC-VI 8, and DC-V20. 
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Table V-1 Icontd) 

Name 

Remove roll control 

Roll override- 
negative incremeni 

Antenna pointing angle 
change 

Arm second prop 
maneuver 

Begin DAS encounter 
mode (switch to 
data mode 3; 
planet-sensor power 
on) switch plasma 
probe to mode 3) 

Science on/overload 
inhibit override 

Turn of f  science 
(battery charger to 
boost made) 

Effect 

urns of f  Canapus sensor and 
turns on Canopus-sensor sun 
shade; inhibits roll- 
acquisition logic from 
turning on gyros. 

imulates a Canopus- 
acquisition logic violation, 
turns on gyros, and applies 
o negative roll-search signal 
to roll gas jet electronics, 
thereby causing spacecraft 
to roll search ccw to acquire 
a new target. (Each 
successive DC-V21 will 
cause spacecraft to roll 
turn 2.25 deg if preceded 
by  a DC-'418.1 

Zommands pyrotechnics to 
activate a pin-puller that 
allows antenna to change 
position for optimizing 
S-band occultation 
experiment. 

jets relays in pyrotechnics 
subsystem so that CC&S 
commands M-6 and M-7 are 
routed to squibs allotted to 
second motor burn. 

Begins DAS encounter 
mode; enables DAS timer B 
(toggle); switches to data 
made 3; turns planet-sensor 
power an; switches plasma 
probe to encounter formot. 

Begins encounter sequence; 
applies power to terminator 
sensor and tape recorder; 
enables battery-charger 
boost mode, and remaves 
booster-regulator overload 
inhibit. 

Removes 2.4-kHz power from a 
science loads (tape-recorder 
2.4-kHz power remains on); 
enables battery-charger 
boost mode. 

No. 

DC-V27 

DC-V28 

DC-V29 

QC-VI 

QC-VI -1 

QC-VI -2 

QC-VI -3 

Name 

iitiate midcourse 
maneuver 

#witch battery charger 
(tape-recorder 
electronics off) 

\rm first prop 
maneuver 

Aaneuver command 
bits to CC&S 

Pitch-turn duration) 

[Roll-turn duration) 

(Motor-burn duration) 

Effect 

Starts midcourse-maneuver 
sequence by issuing CC&S 
command M-1 (turn on 
gyros), applying power to 
maneuver clack, and 
removing maneuver clomp 
and a flip-flap reset signal 
from CC&S maneuver 
circuils. 

Transfers battery charger 
from charge mode to boost- 
enable mode or vice versa; 
turns of f  2.4-kHz power to 
tape recorder. 

Sets relays in pyrotechnics 
subsystem so that CC&S 
commands M-6 and M-7 are 
routed to squibs allotted to 
first motor burn. 

See below. 

Sets pitch-turn polarity and 
preloads CC&S pitch shift 
register so that, at a count- 
ing rate of 1 pulse/s, 
register will fill in iiitervol 
required far AC subsystem 
to pitch-turn spacecraft 
amount required for a giver 
midcourse maneuver. 

Sets roll-turn polarity and 
preloads CC&S roll shift 
register sa that, at a count- 
ing rate of 1 pulse/s, 
register will fill in interval 
required for AC subsystem 
to roll-turn spacecraft 
amount required for a giver 
midcourse maneuver. 

Preloads CCBS velocity shift 
register so that, at a count- 
ing rate of 20 pulses/s, 
register will fill in interval 
required far midcourse 
motor to burn so that 
spacecraft obtains required 
velocity change for a given 
midcourse maneuver. 
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The two exceptional cases (more tests planned than 
actually performed) were the system tests and the 
parameter-variation test. The early system tests were not 
supported because of the unavailability of TCP support. 
The parameter-variation test was omitted because of the 
general software lag. It was felt that the time available 
for the parameter-variation test could be more efficiently 
used by applying it to software generation in an effort to 
decrease the schedule slip. 

The only other major deviations in the SPAC testing 
schedule were associated with the performance of the 
space simulator tests. The initial plan was to perform 
these tests so as to simulate mission operational conditions. 
Each critical phase of the mission was to be performed on 
a separate day, with both real-time and nonreal-time data 
made available to SPAC for analysis. This plan, however, 
had to be abandoned because the MOS software was not 
available for support. The tests were, therefore, conducted 
over a shorter period of time consistent with spacecraft 
testing requirements. 

c. SPAC testing summary. A brief synopsis of the SPAC 
testing performed for the Mariner Venus 67 mission is 
presented in Table V-2. Some of the more significant 
results for each of the nine SPAC requirements discussed 
in Subsection 6-6-a are described below. 

Spacecraft data availability. During the planning phase 
of SPAC testing, it was expected that one of the poten- 
tially dangerous areas in SPAC operations would involve 
the availability of spacecraft data, mainly because of the 
use of new equipment and the 7044 redesign. These 
expectations were borne out by actual experience. 

During early phases of SPAC testing, it became 
apparent that TCP software development was behind 
schedule and not sufficiently advanced to support some 
of the early SPAC tests. As a consequence, some of the 
later tests had to be either modified or canceled. Once 
operating, however, the TCP was found to be a useful 
and reliable device. 

mission, the CP experienced numerous outages that 
severely hampered SPAC mission operations and testing. 

The 7044 redesign, another new item in the data stream 
for the Mariner Venus 67mission, also slipped commitment 
schedules, thus requiring a sequential testing program 
based upon a format-priority system. As a consequence, 
much of the SPAC testing was conducted with raw data 
and green-box data exclusively. Most 7044 formats were 
available by the time of launch, however, thus providing 
two redundant data paths for SPAC mission support. 

As a consequence of the many schedule slips associated 
with new equipment, SPAC became thoroughly compe- 
tent in the use and interpretation of the raw-data and 
raw-data-backup formats, thereby negating the require- 
ment for engineering-unit formats. More comprehensive 
insight into the problems associated with TCP, CP, and 
7044 support during testing may be obtained by referring 
to Table V-2. It should be noted that, without the con- 
sistently excellent performance of the green box, many of 
the scheduled SPAC tests could not have been completed 
satisfactorily. 

Data diqduy and formatting. The formats and the 
display of SPAC data were generally satisfactory, with 
the exceptions noted above. One display device that was 
not as beneficial as expected was the 3070 high-speed 
printer. The main disadvantage of this device was that, 
because of its construction, the data as printed were not 
immediately visible to an operator, thereby necessitating 
the use of a “more real-time” device. The 3070 printer 
was useful, however, when a latest-available-data format 
was requested. This format, incidentally, proved to be 
most beneficial, and was used consistently throughout 
mission operations and SPAC testing. 

Distribution of data. Because processed data were not 
available on the dates scheduled, the SPAC area was 
reconfigured to permit the installation of more 60-w/m 
TTYs, thus allowing raw-data analysis by every SPAC 
member. In addition to the new 6O-w/m TTYs, a TV- 
TTY monitor was added for viewing by the SPAC 
director. 

The CP, another new device, was consistently plagued 
by a variety of problems that, during the middle phases 
of SPAC testing, seriously affected the validity of the 
tests. On numerous occasions, the CP had to be wired 

With the above exceptions, data distributions remained 
essentially stable, and were considered satisfactory. 

around to make the test possible because the CP and the 
green box were the only mmces of data for SPAC (the 
7044 redesigned software was behind schedule, and so 
was not available). Even well into the Mariner Venus 67 

Organization and direction. The organization of SPAC 
proved to be generally satisfactory, with a few notable 
exceptions. 
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Perhaps one of the most significant weaknesses of the 
SPAC function was the relationship of SSAC to SPAC, 
In trying to assess overall spacecraft status, it is of the 
utmost importance to determine the exact status of all 
spacecraft subsystems. This determination was made 
difficult by the autonomous organization of SSAC. During 
SPAC induced-anomaly testing, it became obvious that 
the science subsystems were an integral part of the space- 
craft and had profound interactions with other sub- 
systems. These interactions could best be understood and 
analyzed when SPAC and SSAC acted as one unit. The 
organization (see Fig. V-5) presented serious communi- 
cations and scheduling problems. To minimize these 
problems, SPAC and SSAC operated informally as one 
group on one communications network. 

Another notable exception was the SPAC-SPAC JR 
relationship. This was found to be weak from a com- 
munications standpoint during the early SPAC-SPAC JR 
tests, and had to be strengthened as a result of test 
experience. 

Finally, a minor weak point in the organization was 
found early in the testing period, when it became obvious 
that communications between the director’s staff and 
SPAC members were too frequent and tended to be 
conflicting. This problem was rapidly recognized and 
alleviated by clarification of network procedures. 

Intra-SPAC communications. Communications within 
SPAC were generally satisfactory, with the exception of 
the SPAC-SPAC JR interface noted above. A slight diffi- 
culty was experienced during induced-anomaly tests that 
would have been minimized somewhat with the avail- 
ability of another SPAC network for brief discussions 
between appropriate SPAC members in the analysis of 
detailed subsystem behavior. The congestion was felt to 
be minor, however, and could generally be circumvented 
by the use of an adjacent conference room (DRD). 

Analysis and evaluation of subsystems and spacecrafl 
behavior and status. The same type of test (the induced. 
anomaly test) was used to evaluate and analyze sub- 
systems, evaluate the overall behavior of the spacecraft: 
and analyze factors affecting the status of the spacecraft. 
This test was found to be the most effective. 

In the induced-anomaly test, SPAC was in essence 
faced with a specific phase of the mission that was de- 
signed to be highly anomalous. The task of SPAC was to 
analyze the induced failure correctly and as rapidly as 
possible; then appropriately to change the status of the 

spacecraft via ground commands in order to maximize 
the probability of accomplishing the stated mission (or 
to effect partial mission success). 

It was generally noted that the level of competence in 
performing each of the above SPAC functions increased 
directly with the number of tests that were made. Further- 
more, it became apparent that most of the SFO facility 
problems that were finally corrected became obvious 
during the induced-anomaly tests. The changes that were 
brought about as a result of these tests are too numerous 
to be included here. The more significant ones, however, 
are noted in Table V-2 and in the minutes of the 
Mariner Venus 67 project meetings. 

SPAC interface communications. During the early 
phases of SPAC testing, numerous minor problems con- 
cerning inter-area communications were detected. Most 
of these problems were alleviated by the assignment of 
networks to individuals, and by the clarification of net- 
work procedures. Some of the more serious problems 
were those encountered during testing that would not 
have presented difficulty during actual mission opera- 
tions. Communications were generally inadequate at the 
test complex, both in SAF and in the Environmental Test 
Laboratory (ETL). These problems were never fully 
reconciled, mainly because of manpower limitations and 
the fact that they were problems that did not affect 
mission operations. 

D. Planning Philosophy 

A significant portion of the Mariner Venus 67 SPAC 
activity was devoted to preparation for the various 
phases of the mission. The objectives of this preparation 
were as follows: (1) to establish an acceptable plan for 
each phase of the mission, (2) to develop a nominal 
sequence of events and a set of criteria by which the 
performance of the spacecraft could be evaluated, (3) to 
establish the courses of action to be followed in case of 
nonstandard performance of the spacecraft, and (4) to 
develop in SPAC personnel and procedures the level of 
proficiency required to carry out the flight-operations 
responsibilities of the SPAC. 

All of this activity was specifically directed towards 
developing the ability of SPAC to react correctly to any 
sequence of events, standard or nonstandard, in an actual 
mission. 

Past experience has shown that the nature of the 
mission and the complexity of both the spacecraft and 
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the ground equipment precluded the successful execu- 
tion of any course of action that had not been detailed 
and agreed upon in advance by all concerned parties. 
This was especially true in the SPAC area, where the 
personnel responsible for proposing and evaluating 
detailed alternative courses of action were the same as 
those responsible for evaluating spacecraft performance. 
During a critical phase of the flight operation, these two 
activities were mutually exclusive. If the SPAC members 
concerned themselves with evaluating the state of the 
spacecraft, they could not simultaneously generate a 
recommended and effective course of action. If they 
devoted their attention to formulating and evaluating a 
plan of action, little or no information on the state of 
the spacecraft would be obtained. Obviously, for a satis- 
factory SPAC operation, both complete knowledge of 
the current state of the spacecraft and an effective, well- 
understood plan of action are required. 

As a corollary to this, even if the state of the space- 
craft could be monitored effectively without the full- 
time support of the SPAC members, it was practically 
impossible spontaneously to generate a good emergency 
procedure in response to an unanticipated anomaly 
aboard the spacecraft. “Unanticipated implies that the 
source or sources of the problem were unknown. If a 
failure existed, its impact upon the mission was not 
understood, and exact response of the spacecraft to any 
given set of ground actions was, at best, uncertain. 
Coupled with this were the facts that time was usually 
critical, and that all of the possible ground actions car- 
ried with them disadvantages as well as advantages, 
each of which had to be weighed and evaluated. 

The following three principles underlay the Mariner 
Venus 67 SPAC planning philosophy: 

(1) The performance of the spacecraft at each step in 
any sequence of events must be understood and 
verifiable, and each possible failure mode, its symp- 
toms and its consequences, must be anticipated. 

(2) For each possible failure mode, a plan for correc- 
tive action must be generated before the fact and 
agreed upon by the SPAC personnel. For probable 
or extremely time-critical failure modes, the plan 
for corrective action should be agreed upon in 
principle by all parties concerned in the flight 
operations, including the project manager, so that 
reaction time would be minimized. Given the 
proper SPAC preparation for any phase of the 
flight operation, any anomalous indication in the 
telemetry would be immediately recognizable, and 

the possible failure modes that would yield that 
particular anomaly would be cataloged, along with 
the recommended corrective action. The SPAC 
director, the SFOD, and the project manager 
should be thoroughly cognizant of the implications 
of both the anomaly and the action required to 
correct or circumvent it, so that the decision re- 
quired to take corrective action is a simple approval 
or disapproval rather than a complex procedure 
of proposing, explaining, and evaluating. To a 
great degree, this function was achieved by cate- 
gorizing certain failure modes into classes. Class I 
included nonstandard operations of the launch 
vehicle, the spacecraft, or the MOS that have been 
anticipated and for which corrective action has 
been planned. This class was broken into category 
IA, which, by prior agreement with the project 
manager, required no detailed real-time interface 
with the project manager for implementing cor- 
rective action; and category IB, whose operations 
required a detailed interface with the project 
manager prior to their execution. Class I1 non- 
standard operations comprised situations wherein 
a nonstandard event occurred for which no specific 
corrective action had been planned but for which 
such action was possible. If such events occurred, 
the action taken was to be decided at the time of 
occurrence. Class I11 nonstandard operations were 
those for which no corrective action was possible. 
If such events occurred, the action taken was to 
be decided at the time of occurrence. 

. 

(3) No positive action is to be taken without a positive 
reason. The Mariner V spacecraft design is 
sufficiently complex that improper ground com- 
mand action may place the spacecraft in a state 
from which recovery is not possible. Whenever a 
command is inserted into the spacecraft, there is 
the possibility that either the initial state of the 
spacecraft or the effect of the command is not 
completely understood, with the result that irrep- 
arable damage may be done to the mission. This 
risk must be outweighed by the value attached to 
ground action before any perturbation to the 
spacecraft is warranted. 

The first activity in SPAC planning for any particular 
portion of the mission was the recommendation of a 
mission plan. For the standard phases of the mission, 
such as launch, midcourse maneuver, or encountel; a 
mission plan already existed in the form of the CC&S 
programmed sequence of events. This was in h e ,  of 
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course, with the Mariner V design philosophy, which 
dictated that the spacecraft must be able to perform 
a nominal mission (except for the midcourse correction) 
without any ground-based intervention or support. It 
was also true, however, that the spacecraft was able to 
complete all of the mission objectives without the 
CC&S, relying solely upon ground commands. In fact, 
because the CC&S sequence of events was necessarily 
designed into the spacecraft long before launch, the 
response of the spacecraft to its environment during 
flight may have rendered the prelaunch nominal sequence 
less than optimum. In this case, the probability of 
achieving mission success might have been enhanced 
considerably by augmenting or preempting the CC&S 
events with ground commands. 

It was the responsibility of SPAC either to generate 
a plan for each phase of the mission or, if a CC&S 
nominal plan existed, to review all possible alternatives, 
and then recommend the optimum plan. For certain 
phases of the mission, this task encompassed so much 
work that a separate ad hoc committee had to be 
formed to perform mission planning and evaluation. For 
the Mariner V encounter phase, the VEPWG was 
formed. The chairman of this committee was the SPAC 
director; its members were appropriate representatives 
of SPAC, SSAC, FPAC, DSN, and the Mariner project 
office. 

To establish a mission plan, many alternative courses 
of action were examined in the light of the mission 
objectives as stated by the Mariner project office. Any 
proposed command action from the ground was evalu- 
ated by the SPAC group to determine undesirable side 
effects or possible failure modes the command might 
induce. If possible, quantitative analyses were made so 
that the relative desirability of alternate plans could be 
assessed. 

This type of reasoning led to the adoption of a mission 
plan for encounter that was a slightly modified version 
of the nominal sequence programmed into the space- 
craft before launch (see Section V-G). Perhaps the most 
significant aspect of this modification to the encounter 
plan was that the preemption of the nominal pro- 
grammed CC&S plan by ground commands did not 
indicate that the nominal plan was deficient in any way. 
The programmed plan was developed to provide nom- 
inal mission capability to the spacecraft in case the 
spacecraft was denied any support from the ground. 
If this had occurred, the programmed plan would have 
done the job admirably. The actual plan was designed 

to make the most efficient use of the full capabilities of 
the entire DSN-spacecraft complex (which, of course, 
is the whole point of flight operations planning). 

In the development of the mission plan, then, atten- 
tion was not limited to the spacecraft alone, but was 
given to all of the areas and activities wihin this DSN- 
spacecraft complex. Many of the possible ground- 
command sequences that, when performed correctly, 
were the most attractive from a spacecraft point of view 
were discarded simply because ground-based opera- 
tional difficulties precluded the guarantee of a suffi- 
ciently high probability of correct performance. 

After a recommended plan for each phase of the 
mission had been formulated, it was presented, along 
with a discussion of its advantages and disadvantages, 
to the SFOD and the Mariner project office. Final re- 
sponsibility for all Mariner mission plans rested with 
the Mariner project manager, who issued the approved 
plan and coordinated any activities required for its 
implementation. 

The approval by the project office of a particular plan 
of attack initiated another activity of the Mariner Venus 
67 SPAC group-the establishment of a nominal sequence 
of events for that plan. The sequence of events was a 
detailed chronology of all spacecraft changes of state 
that would occur during the execution of a particular 
mission plan. The SPAC members were especially ori- 
ented towards telemetry because nearly all of the infor- 
mation available concerning the state of the spacecraft 
was furnished by telemetry. Consequently, the effort to 
establish the sequence of events led directly to the tabu- 
lation of nominal telemetry values. 

The sequence of events and its associated telemetry 
table provided SPAC with all of the tools required both 
to predict and to verify all changes of state of the space- 
craft. Not only did this allow immediate recognition of 
a nonstandard occurrence aboard the spacecraft, but it 
also provided SPAC analysts with the primary diagnostic 
instrument for determining the cause of any deviation 
from normal performance. 

Once the nominal sequence of events had been estab- 
lished, an effort was initiated to anticipate possible 
failure modes and appropriate corrective actions. One 
very important aspect of this activity during the Mariner 
Venus 67 mission was the generation of a series ,of 
sequence-flow diagrams. These depicted the large num- 
ber of alternate paths that were possible, either by 
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option or because of failure, at any point in the sequence 
once the sequence had been initiated. This particular 
activity required much thought on the part of SPAC 
personnel in the area of nonstandard sequence plans. 
An important part of nonstandard sequence planning 
was the increased understanding gained by SPAC of 
the corrective capability within the spacecraft design. 

Nonstandard sequence plans were submitted to the 
project ofice for approval and classification before the 
actual flight operation in order to provide the ability to 
take action in a timely fashion whenever a nonstandard 
condition arose. 

The final test of any plan, of course, is how well it 
works when it is implemented. To verify that the mis- 
sion plan, the sequence of events, and the alternate 
plans were adequate, SPAC conducted a series of tests 
(often in conjunction with general SFO tests). A large 
number of the tests conducted after Mariner V launch 
used the flight-support spacecraft as the data source 
rather than simulated data or available test tapes. So that 
the SPAC group could be put to the most severe test of 
its proficiency, and so that SPAC procedures could be 
best validated, the test director was allowed to induce 
or simulate spacecraft malfunctions at his discretion. 
The SPAC and SSAC operations personnel were then 
responsible for determining the corrective action re- 
quired for successful completion of the test objectives. 
These tests proved to be most helpful in establishing the 
level of proficiency required for SPAC operations, 

The planning philosophy, as stated in the preceding 
paragraphs, proved its validity during mission opera- 
tions. The diligent application of this philosophy to the 
preparation for each of the mission phases provided 
SPAC with sufficiently firm guidelines to make possible 
the successful execution of the mission. This planning 
allowed for the establishment of a set of criteria by 
which certain actions would be taken. These criteria 
were approved and understood by the Mariner Venus 67 
SPAC director, the SFOD, and the project manager, 
thereby guaranteeing a maximum of information flow 
and maximum ability to react. 

E. launch Planning 

The launch phase of the mission, along with the mid- 
course maneuver and encounter, was one of the three 
critical phases of the Mariner Venus 67 mission. Of the 
three, the launch phase was perhaps the most demanding, 

as a large number of important events occurred within a 
relatively short time, and any one of these events, if anom- 
alous, could have seriously affected or even prematurely 
terminated the mission. Seven main events were asso- 
ciated with the launch phase of the mission: 

(1) Countdown and liftoff. 
(2) Nose-fairing ejection. 
(3) Spacecraft injection. 
(4) Spacecraft-Agenu separation. 
(5) Sun acquisition. 
(6) Magnetometer calibration. 
(7) Canopus acquisition. 

Of these seven major events, the first five were ex- 
pected to occur within the first hour after liftoff. The 
critical nature of the launch phase stemmed from this 
rapid succession of highly consequential events. The 
primary objective of SPAC planning for the launch 
phase was, therefore, to ensure that: (1) six of the seven 
events (spacecraft injection is monitored by boost-vehicle 
and FPAC personnel) could be accurately monitored 
during mission operations, and (2) contingency plans 
were adequate and could be successfully implemented 
as required. The ability of SPAC to implement various 
contingency plans associated with the launch phase of 
the mission is discussed in Subsection C-6, above, under 
the heading of SPAC testing. The generation of the 
contingency plans, and their associated underlying phi- 
losophies, are discussed in the paragraphs that follow. 

Recognizing the possible occurrence of a large number 
of different anomalies during the launch phase, and the 
importance of rapid reaction to these possible anomalies, 
the Mariner Venus 67 project manager initiated a system 
of anomaly classification that would reduce MOS re- 
action time as a function of effect on the Mariner Venus 
67 mission. Possible anomalies were grouped into three 
classes. 

Class I included nonstandard operations of the launch 
vehicle, the spacecraft, or the MOS that had been antici- 
pated and for which corrective action had been planned. 
This class was divided into two categories: Category IA, 
which, by prior agreement with the project manager, 
required no detailed real-time interface with the project 
manager for implementing corrective action; and cate- 
gory IB, which required a detailed interface with the 
project manager before the execution of corrective action. 

Class I1 nonstandard operations were situations where- 
in a nonstandard event occurred for which no specific 
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corrective action had been planned, but for which such 
action was possible. If such events occurred, the action 
to be taken would be decided at the time of occurrence. 

Class I11 nonstandard operations were those for which 
no corrective action was possible. If such events oc- 
curred, the action to be taken would be decided at the 
time of occurrence. 

In preparing SPAC for support of the launch phase, 
the above three classifications were used in conjunction 
with detailed sequence-flow diagrams to arrive at a 
comprehensive contingency plan for six of the seven 
subphases associated with launch. The general aspects 
of the contingency plans for each of these six launch 
subphases are discussed below, 

1. Countdown and liftof. Operational participation 
during the countdown and liftoff phase of the mission 
was limited to: (1) monitoring the activities of the launch 
team at AFETR in order to be aware of the initial launch 
status of the spacecraft, (2) monitoring the response of 
the spacecraft during countdown in an effort to support 
the launch team, and (3) effecting the smooth transfer of 
spacecraft operational control from the launch team at 
AFETR to the operations team at SFOF. It immediately 
became apparent that, to accomplish these objectives, a 
critical requirement for a comprehensive communications 
system between the launch team and SPAC at SFOF 
would have to be fulfilled. This was accomplished by 
the incorporation of a direct voice and TTY interface 
between SPAC JR and SPAC. (The SPAC-SPAC JR data 
and communications interface relationship is shown in 
Fig. V-2.) 

SPAC planning for this phase of the mission was, there- 
fore, largely concerned with ensuring that an adequate 
communications capability existed between the groups 
involved, and that SPAC was prepared to assist the 
launch team in analyzing the prelaunch behavior of the 
spacecraft (see Subsection C-6, above). 

To effect a smooth transfer of mission operations control 
from the launch team to SFOF, full SPAC monitoring of 
the launch phase of the mission was planned to begin ap- 
proximately 2 h before liftoff (with all of the countdown 
data), and continue through Canopus acquisition. 

aboard Mariner V. In the event of the nose fairing being 
partially ejected, the basic plan was to perform a mid- 
course maneuver motor burn of predetermined duration 
in an attempt to force spacecraft-nose-fairing separation. 
The duration of the motor burn would be arrived at by 
considering a number of specific conditions during flight. 

Analysis of the possible failure modes revealed two 
primary shroud-ejection failure modes: (1) The nose- 
fairing skin and the motor thrust axis are perpendicular 
to each other; (2) they are at an angle of approximately 
95.2 deg to each other. Only 2-3 s, respectively, were 
the times needed to burn through the fairing skin for 
these two modes. Once the motor exhaust penetrated the 
nose-fairing skin, the rocket motor would exert 50 lbf 
along the thrust axis of the motor. Depending upon the 
specific spin rates associated with the failure (which were 
to be obtained from the spacecraft telemetry), a motor 
bum time could then be calculated that would not ex- 
ceed a maximum spin rate of approximately 4.5 rad/s, 
which was the maximum spin rate to allow reacquisition 
in 5 h, before AC gas and battery depletion. 

3. Spacecraft injection. The injection of the spacecraft 
into a heliocentric orbit was accomplished with the sec- 
ond burn of the Agena. During this phase of the mission, 
the role of SPAC was passive, being confined to the 
careful monitoring of the spacecraft status. 

4. Spacecraf t-Agena separation. The spacecraft-Agenu 
separation phase was the first phase of the flight during 
which the spacecraft underwent numerous automatic 
state changes. During this phase, three mechanical devices 
were activated; these, in turn, initiated nine different 
spacecraft functions, as shown in Table V-3. The main 
function of SPAC during the separation phase was to 
verify that each of the events had taken place or, in case 
any of the events had not taken place, to recommend 
such action as was necessary to accomplish the desired 
effect. Included in Table V-3 are the primary spacecraft 
indicators used by SPAC to confirm the successful accom- 
plishment of each of the expected events. A discussion 
of each of the major functions is presented below. 

a. Solar-panel deployment. Spacecraft telemetry per- 
mitted SPAC to determine the following conditions 
relative to solar-panel deployment: 

(1) Whether the pyrotechnic subsystem had been 
armed by the pyrotechnic arming switch or the 
separation-initiated timer. 2. Nose-fairing ejection. Following the catastrophic 

failure of Mariner III in 1964, caused bv an anomalous 
nose-fairing ejection, considerable effort was devoted to 
contingency planning for a possible similar anomaly 

(2) Which of the pyrotechnic subsystems (or both) 
issued a solar-panel-deployment command. 
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Table V-3. Spacecraft-Agena separation functions 

Time of 
activation 

aS = separation. 

Mechanical 
device 

Pyrotechnic- 
arming switch 

Separation 
connector 

Function 

Agena amplifier 
off 

AC on 

Pyrotechnics 
armed 

CCBS relay hold 
off 

Plasma probe 

Primary 
SPAC indicator 

AC telemetry 

Event registers 

Power, CC&S 1-1, 
etc. 

Science telemetry 

activation device 

S Separarion- 
initiated timer 

S f 3 0 s  

S + 3 min 

Function 

1 0-kV inhibit 
off 

RF power up 

Science on 

Tape recorder 
launch mode of 

Pyrotechnics 
armed 

Deploy solar 
panels 

Primary 
SPAC indicator 

SAGC, power, 
radio, telemetr: 

Telemetry, power 

Power 

Event registers 

Event registers, 
power, AC 

(3) Which of the solar panels was deployed to within 
20 deg of the full-open condition. 

Because of the nature of the solar-panel-deployment 
mechanism, the latter condition inferred that a solar 
panel was completely deployed. It was also possible to 
observe whether or not the CC&S launch counter gen- 
erated the first of its commands (CC&S L-1) to back up 
the initiation of solar-panel deployment. This particular 
function could be inhibited if the CC&S relay-holding 
current was not properly removed at separation. This 
feature was so mechanized that the holding current was 
definitely removed whenever the gyro power was turned 
off. If the solar panels had been observed to be in their 
launch position, and if the CC&S command had not been 
issued, the gyros would have been turned off by ground 
command. Following gyro turnoff, the CC&S would be 
permitted to issue the solar-panel-deployment command 
at some future time predictable from knowledge of the 
CC&S counting sequence. 

After issuance of the CC&S L-1 command for solar- 
panel deployment, the gyros would be reenergized by 
the transmission of DC-V19 to effect sun acquisition; 
however, if the gyros were turned on in the future, it 
would be impossible for the CC&S to generate any of 
its internal commands from the launch counter or from 
the master timer (end counter). A midcourse maneuver 
would not be possible under the conditions of a relay- 
hold failure. 

Should as many as two solar panels fail to deploy, a 
partial mission success could still be achieved by turning 
the battery charger and/or the gyros and/or the science 
subsystem off until more power was available at shorter 
heliocentric ranges. 

The deployment of the solar panels also initiated the 
deployment of the sun shade. Failure of the sun shade 
to deploy would not seriously affect the spacecraft mis- 
sion. It would, however, increase the temperature of the 
spacecraft bus; therefore, reevaluation of mission pro- 
cedures would be required. 

b. Science subsystem turn-on. Verification of science 
subsystem turn-on was obtained from observation of the 
spacecraft telemetry format, and from noting the change 
informat of each data frame from 35 zeros and ?4 engi- 
neering data. It was only after the application of power 
to the science instruments and the data-automation sub- 
system that data were transmitted to the DE for subse- 
quent transmission to earth. Analysis of science telemetry 
permitted verification of the fact that all science instru- 
ments were on and that the plasma probe 10-kV inhibit 
had been removed. 

An alternate means of verifying science instrument 
turn-on was to analyze the power subsystem telemetry. 
If the science instruments and the DAS had not been 
automatically turned on at separation, ground command 
DC-V2 could have turned on the science subsystem 
through an alternate set of relay contacts. If DC-V2 also 
failed to turn on the science subsystem, and if a failure 
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of the main booster regulator had occurred, the science 
subsystem would have been turned on following gyro 
turnoff * 

c. Increase of transmitted RF power. Before separation, 
RF power transmitted from the spacecraft was main- 
tained at approximately 1 W by a relay-holding circuit 
passing through the spacecraft-separation connector. 
This circuit was to be opened upon spacecraft separation, 
powered by the power subsystem maneuver booster that 
was required to activate the gyros. If automatic RF 
power-up did not occur, it was possible to attain in- 
creased transmitted power from the spacecraft whenever 
the gyros were off. Conceivably, the entire mission could 
have been attained even in that degraded mode of 
operation; however, telemetry during the midcourse 
maneuver might have been degraded. The occurrence of 
RF power-up could easily be verified by monitoring the 
received signal level at the DSIF stations, in addition to 
the spacecraft telemetry, which would indicate the trans- 
mitted power. 

d.  Turnoff of tape recorder launch mode. The tape 
recorder subsystem record motor was energized during 
the launch phase to maintain tension on the Mylar tape 
to preclude its spilling off the reel during the vibration 
of the launch phase. The mechanization for turning off 
this launch mode was to sense the first end-of-tape (EOT) 
signal generated by the tape recorder subsystem after 
separation, and, upon this signal, opening the relay con- 
necting the record motor with the power supply. Failure 
of this particular logic could be overridden by automatic 
or commanded turnoff of the gyros. 

Because approximately 30 tape passes/h occur in the 
launch mode, concern was expressed regarding the exten- 
sive periods during which the launch mode should be 
operative. If the launch mode did not turn off shortly 
after separation, ground command DC-V15 would be 
transmitted to turn off the gyro power supply (and con- 
sequently the launch mode). Upon subsequent energizing 
of the gyros by DC-V19, the tape recorder launch-mode 
logic would be locked out. A constraint upon the use of 
the DC-V15 command in this condition is that, whenever 
the gyros are off, the spacecraft roll rate cannot be 
controlled, and a valid magnetometer-calibration roll 
sequence is not possible. Consequently, a choice had to 
be made between two alternatives: (1) to turn the gyros 
off immediately, preventing additional tape passes from 
accumulating at the price of sacrificing some of the most 
important magnetometer calibration time, or (2) to delay 
turning the gyros off for several hours in order to achieve 

magnetometer calibration at the price of accumulating 
an additional 30 passesh on the tape recorder. The SPAC 
recommendation would have been to turn the tape 
recorder launch mode off immediately. The decision as to 
which alternative to take was a Class IB decision, and 
would have been made by the project manager in real 
time. 

e. Removal of CCGS relay hold. The function of the 
CC&S relay-holding current was to prevent inadvertent 
actuation of relays within the CC&S during the launch 
phase, and consequent inadvertent initiation of portions 
of the mission sequence at inappropriate times. The 
relay-holding current was normally removed upon space- 
craft separation, and also when the gyro power was 
turned off. Failure to release the relay-holding current 
prevented commands from being issued by the CC&S. 
Review of the spacecraft power subsystem telemetry 
readings verified that the holding current had indeed 
been released. 

The exact time that the gyros should be turned off to 
provide a backup to the automatic spacecraft function 
of releasing the holding current would be a function of 
spacecraft requirements at that particular time. If sun 
acquisition were initiated, and the solar panels had been 
deployed, the relay-holding current could be permitted 
to remain on until the magnetometer-calibration rolls had 
been completed. However, if the backup capability pro- 
vided by the CC&S launch commands were necessary, 
the gyros would be turned off as soon as possible to 
permit the spacecraft backup commands to be issued. 
The CC&S commands, L-1 and L-2, are normally issued 
before launch (L+60 min). 

5. Sun acquisition. Sun acquisition commenced as soon 
as the AC switching amplifiers and sun sensors were 
turned on. The occurrence of the pyro-arming event in 
the telemetry, as mentioned above, implied that the 
pyrotechnic-arming switch had been activated and that 
the AC should have been turned on. If the telemetry 
indicated that the rates about the control axes were not 
decreasing, however, or that the sun sensors were not 
generating error signals, this function had probably not 
been accomplished. The primary corrective action would 
be to transmit DC-V13 to the spacecraft. This command 
would remove the 26 V from a relay, and supply power 
to the sun sensors and switching amplifiers. 

A further backup function was also available as ,a 
command from the CC&S launch counter (CC&S L-2). 
This command was subject to the same failure mode 
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described above for solar-panel deployment. In this con- 
dition, the gyros would be maintained in the off mode by 
ground command long enough to permit the CC&S to 
generate this backup AC turn-on command if it became 
necessary. Following the CC&S command, the spacecraft 
would reacquire the sun in the derived-rate mode. 

Acquisition of the sun by the spacecraft was com- 
pletely automatic. No ground commands were available 
to aid in sun acquisition once the electronics had been 
turned on and the procedure had been initiated. 

6. Magnetometer roll calibration. To increase the 
value of the magnetometer experiment, the spacecraft 
was designed to roll at a fixed rate for approximately 16 h 
following the sun-gate until the start of Canopus acqui- 
sition. The purpose was to obtain an in-flight calibration 
of the magnetic field of the spacecraft as observed by the 
magnetometer sensor. This calibration was possible be- 
cause the observed magnetometer signals near earth 
would have rotating components caused by the external 
environment (the geomagnetic field) and fixed compo- 
nents caused by the spacecraft environment. Knowledge 
of the geomagnetic field of the earth permitted the deter- 
mination of the spacecraft-induced magnetic field at the 
magnetometer sensor. 

If the magnetometer-calibration sequence had not 
started as expected, consideration would have been given 
to transmitting a DC-V21 in an attempt to reset the AC 
roll-inhibit logic. 

SPAC monitored the progress of the magnetometer- 
calibration phase of the mission by observing the AC 
gyro telemetry channels, the earth-sensor output, and 
the magnetometer response. 

a. CCGS L-3 not available. If the L-3 command 
from the CC&S was not available to initiate Canopus 
acquisition, the Canopus sensor could be turned on by the 
transmission of DC-VIS. This command would remove 
the 26-V excitation from a relay in the AC subsystem, 
thus turning Canopus sensor power on and producing a 
search rate for the AC roll axis. A midcourse maneuver 
in this mode is possible by ending DC-V27 before trans- 
mitting DC-V14. 

b. Inertial roll control. An alternate means of obtaining 
roll stability was by use of the DC-V18 command, which 
places the spacecraft roll axis under inertial control by 
the gyros. This mode of operation is completely inde- 
pendent of the Canopus sensor, and could have been 
used throughout the mission. If the Canopus sensor were 
inoperative, the midcourse maneuver would be per- 
formed in this mode by use of the earth sensor as a roll 
reference. 

c. Roll drift. Another alternative existed if a Canopus- 
sensor failure had occurred. It was possible to allow the 
spacecraft to continue in its heliocentric orbit indepen- 
dent of a roll reference. This mode could have been 
accomplished by the transmission of either DC-V15 or 
DGV20. Both commands would turn the gyros off, and 
allow the spacecraft to perform the interplanetary cruise. 
This mode would have to be dropped by October 1, 
when communication on the high-gain antenna was 
required. Further and more detailed contingency plans 
were generated for such abnormal events as incorrect 
roll rate, failure of the gyros to turn off, etc. 

One of the anticipated delays in the Canopus-acquisition 
sequence during flight operations was the possible acqui- 
sition of earth by the Canopus sensor. If this occurred, 
the accepted plan was to transmit one or more DC-V21 
commands. These commands would override the Canopus 
sensor acquisition logic by rotating the spacecraft roll 
axis approximately 2.25 deg ccw per command, and 
reinitiate roll search. 

7. Canopus acquisition. The final phase of the launch 
operations was celestial roll-reference acquisition by the 
spacecraft. This phase was automatically initiated by 
the CC&S L-3 command at L f 9 9 7  min. The spacecraft 
continued to roll in the ccw direction until an object of 
at least half the brightness of Canopus moved into the 
field of view (FOV) of the Canopus sensor. The roll- 
search sequence was then terminated, the gyros auto- 
matically turned off, and the cruise phase of the flight 
initiated. 

- 

no automatic provision can be made for this maneuver in 
the design, however, because the correction parameters 
must necessarily be furnished from the ground after 

The SPAC contingency plans for this phase of the 
mission included the major anomalies described below. 

F. Trajectory-Correction Maneuver Planning 

The trajectory-correction maneuver is perhaps the most 
demanding phase of the Mariner Venus 67 mission in- 
sofar as SPAC is concerned. Normally, the accuracy of 
injection of the spacecraft is such that a trajectory- 
correction maneuver is required for a successful mission; 
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launch. Thus, the burden of performing the correction 
falls upon the SFO organization, and upon FPAC and 
SPAC in particular. All inputs must be transmitted to the 
spacecraft by means of ground command. During all 
portions of the sequence, the performance must be moni- 
tored carefully because at best a nonstandard midcourse 
maneuver means an unacceptable planetary miss dis- 
tance; in the worst case, it may result in a total spacecraft 
failure. 

The nominal midcourse maneuver was planned to 
occur 2-10 days after launch. The possibility existed, 
however, that the trajectory of the spacecraft, as deter- 
mined by the launch vehicle, could have been outside the 
expected tolerances, thus necessitating a very early mid- 
course maneuver. In the maneuver planning, therefore, 
SPAC had to consider the performance of both a nominal 
midcourse maneuver and a very early maneuver (on the 
order of 5 h after launch). 

The successful performance of a midcourse maneuver 
may conveniently be divided into two main phases: 
(1) The planning phase and (2) the execution phase. The 
planning phase, in turn, consists of two subphases: 
(a) The aiming-point selection subphase and (b) the 
maneuver-turns generation subphase. The execution phase 
consists of: (a) Command generation, (b) command trans- 
mission, (c) spacecraft maneuver execution, and (d) ce- 
lestial reference reacquisition. SPAC planning for each 
of these major phases and subphases is discussed below. 

1.  Midcourse maneuver planning phase. 

a. Aiming-point selection. In selecting the aiming point 
for the midcourse maneuver, it was necessary to have 
exact knowledge of criteria that define a progressively 
more desirable aiming-point location from the standpoint 
of a scientific experiment. This information was made 
available by SSAC, and is presented in Fig. V-7. The 
center of the graph represents the planet Venus in the 
R T4 plane, with an impact circle at a radius of approxi- 
mately 21,200 km. To avoid impacting the planet, the 
aiming point had to be selected outside of this circle. 
The V T O T  lines represent the total science-experiment 
value as a function of location in the aiming plane. It 
may be seen that, for a given radial line, VToT increases 
with increased proximity to the impact circle. Thus, the 
science requirements localize the selection of the aiming 

T h e  vector T passes through the center of the planet parallel to the 
ecliptic plane and perpendicular to the spacecraft incoming asymp- 
tote S. The vector R is S X T. 

point to an area within approximately 285-360 deg, and 
21,20040,000 km, in the aiming plane. 

The general area in the aiming plane having been 
selected, it was necessary to include some of the addi- 
tional geometric and spacecraft constraints for the selec- 
tion of the final aiming point. These constraints are shown 
roughly in Fig. V-8. 

The Canopus-sensor constraint required that the 
Canopus-spacecraft-Venus angle be large enough to pre- 
vent Venus straylight from entering the FOV of the 
Canopus sensor and possibly causing the loss of roll- 
reference acquisition (for preliminary study, the angle 
used was 36 deg). 

The sun-occultation constraint stated that the sun- 
spacecraft-Venus angle had to be greater than 0 deg at 

300° 

- 

240" 

\ 
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90' 60° 

Fig. V-7. Science-experiment value function 
vs aiming-plane coordinates 
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all times. This constraint prevented the loss of sun acqui- 
sition, and supplied the spacecraft with solar power 
during the Venus encounter. 

The planet-sensor constraint provided a planet-sensor 
output (PSO) within 12 min of the desired optimum time 
during the encounter sequence. 

The final aiming point could now be chosen from the 
area within the above constraint boundaries by placing 
the center of a 2.58 (99.0%) maneuver ellipse5 on the 
highest science-experiment value line with the ellipse 
tangent6 to the constraint regions. The final aiming point 
thus chosen was a point at 25,200 km, -30.45 deg. For 
the sake of completeness, Fig. V-8 also shows the achieved 
maneuver at 28,458 km, -31.15 deg. 

The  1 6 maneuver ellipse used had a semi-minor axis of 733 lan and 
a semi-major axis of 856 km, with the semi-major axis at an angle of 
-51 deg from R. These parameters were derived 4 days after 
launch; subsequent derivations did not change these values signi- 
ficantly. 

'In Fig. V-8, a 2.50 6 ellipse is shown for convenience. 

2. Midcourse maneuver execution phase. After a spe- 
cific aiming point had been arrived at by the process 
described above, and after careful verification that none 
of the constraints was violated, the final phase of the 
maneuver planning was to convert the aiming-point 
parameters into spacecraft maneuver turn and motor- 
burn commands, then to transmit these ccmmands to the 
spacecraft, and finally to initiate the midcourse maneu- 
ver at the appropriate time using a DC-V27 command.' 

Conversion of the aiming-point parameters into space- 
craft commands was performed by first comparing the 
pre-midcourse trajectory to the desired aiming point, then 
drawing a vector from the premidcourse trajectory point 
to the aiming point. This vector defined the magnitude 
and direction, in the R T plane, of the required velocity- 
change vector (AV). This vector, modified by the desired 
arrival-time correction of 14:06: 41, led to the computa- 
tion of the AV at the spacecraft for a prescribed point 
in the trajectory. Knowing the direction of the desired AV 
at the spacecraft, the spacecraft turns in pitch and roll 
were computed in order to point the rocket motor 
exhaust nozzle in the -AV direction. The turn com- 
mands were generated by computing the number of 
degrees, which knowledge of the exact behavior of the 
gyros at the flight temperature made possible. The burn 
duration was arrived at by use of the buring time esti- 
mation calculation (BUTEC) program, which takes into 
consideration detailed motor-burn phenomena, such as 
start-and-stop transients, steady-state responses, temper- 
ature effects, etc. The detailed sequence used to execute 
the midcourse maneuver is shown in Table V-4. 

In the computation of the final maneuver parameters, 
certain turn constraints had to be taken into considera- 
tion in order to prevent damage to certain spacecraft 
components or the occurrence of other undesirable 
effects. The maneuver-turn constraints used for the gen- 
eration of the Mariner V maneuver commands are listed 
in Table V-5 and shown in Figs. V-9 and V-10, along 
with the actual earth and sun maneuver loci. 

'The specific spacecraft parameters used for the Muriner Venus 67 
midcourse maneuver were: 

I AV I = 16.127 m/s = 17.66-s burn 
QC-V1-3 = 6-302-3-0253-1 

Pitch turn = f55.267 deg = 304-s turn (positive polarity f 
QC-Vl-1 6-303-2-6561-1 

Roll turn = +70.946 deg = 4-380-s turn (positive polarity) 
QC-Vl-2 = 6-300-1-2035-1 

182 JPL TECHNICAL REPORT 32-7203 



Table V-4. Mariner V planned midcourse sequence of 
events,including UV-photometer rolls 

Function 

Zero static phase error 
kpply command modulation 
‘4armalize command 
QC-VI-1 (6-303-2-6561 -1 1 
QC-VI-2 (6-300-1 -2035-1) 
QC-VI-3 (6-302-3-0253-1 
DC-V29 (61 20) 
DC-V14 (6240) 

Pitch turn start 
Pitch turn stop 
Roll turn start 
Roll turn stop 
Motor burn start 
Motor burn stop 
Start reacquisition 
Sun reacquired 
Canopus reacquired 
DC-V21 (1) (6720) 
Canopus reacquired 
DC-V21 (2) (6720) 
Maneuver counter overflow 
Canopus reacquired 

Canopus reacquired 
Gyros off 
Minimum QC-VI-1 

DC-V27 (6470) 

DC-V21 (3) (6720) 

(6-303-2-5777-1 
Minimum QC-VI-2 

Minimum QC-VI-3 

DC-V9 (6632) 

(6-300-1 -5777-1 

(6-302-3-5777-1 1 

Ground time, GMT 

Day 170 19:OO 
19:18 
19:38 
20:18 
20:23 
20:28 
20:38 
20:48 
21 :23:57 

Approx 23:38 

Approx 00:26 
Day 171 

Approx 01 :20 

02:19 

02:24 

02:29 

ipacecroft time, GM 

21 :24:39 
22:24:06 
22:28:10 
22:46:06 
22:52:26 
23:08:06 
23:08:23.1 
23:14:06 

Approx 23:19 
Approx 23:29 

Approx 00:25 

00:43:06 
Approx 01:17 

Approx 02:lO 
Approx 02:17 

3. Maneuver-inhibit planning. The design of the 
Mariner V spacecraft included a capability for termina- 
tion of the midcourse maneuver before rocket-motor 
ignition by use of a ground command (DC-V13) if an 
anomaly were to jeopardize the successful execution of 
the maneuver. When an abort was required, the DC-V13 
command caused the AC and pyrotechnics subsystems 
to disregard the maneuver commands issued by the 
CC&S. After a D.C-V13 command, the CC&S continued 
counting and issuing its event register and timing telem- 
etry signals to the DE until its maneuver clock was 
completely counted out and reset itself. 

Barring gross failure, a terminated sequence had no 
real effect because the maneuver could be rescheduled 
and performed successfully regardless of the number of 
previous aborts. Thus, the operations philosophy for the 

Table V-5. SPAC midcourse maneuver turn constraints 

- 
livisioi 

32 

- 

- 
33 

34 

- 
35 

38 

Constraint 

khe UV-photometer pointing vector and the spacecraft- 
sun vector must intersect at  an angle greater than 5 deg 
to prevent damage to the UV photometer. 

1. The spacecraft Z axis-earth angle must be between 90 

2. The pitch or roll turns must not end in the high-goin 
and 180 deg to maintain downlink communications. 

antenna interferometer region (prior to APAC, an 
ellipse with center at  1 10.7 deg cone, 107.4 deg clock, 
major-axis slope as shown in Fig. V-1 0, semi-minor axis 
= 7.5 deg, semimajor axis = 15 deg; after APAC, 
centered at  96.4 deg cone, 96.5 deg clock, slope as 
shown in Fig. V-9). 

1. The pitch turn must be smaller than 237.6 deg to prevent 

2. The roll turn must be small enough to allow time for the 

3. If the terminator sensor should be activiated, the angles 

automatic motor-burn inhibit. 

transmission of DC-V13, i f  required. 

subtended by the sun-earth-spacecraft vectors and the 
terminator-sensor boresight axis must be greater than 
20 deg (the boresight of the terminator sensor is  a t  
1 10 deg clock). 

spacecraft-sun vector should not pass within an area 
described by 0 5 2 5  deg clock, 90 f 3 3  deg cone. 

4. To prevent Canopus-sensor shutter activation, the 

None for expected heliocentric distances? 

The first maneuver motor-burn time must be shorter 
than 102.36 s. 

aPitch-turn temperature constraints become necessary at  heliocentric distances 
smaller than 145 X lo6 km. 

midcourse correction phase was determined by the abort 
capability inherent in the spacecraft design. Based upon 
knowledge of the design, ground-test experience, and 
previous mission flight experience, it was fully expected 
that the maneuver would be executed successfully with- 
out deviation from the predetermined plan. An anomaly 
noted during the maneuver sequence had a potentially 
harmful effect; therefore, it was required that the maneu- 
ver be terminated and that the anomaly be evaluated 
to determine what corrective action, if any, should be 
taken. 

Consideration was also given to ensure that the space- 
craft entered the midcourse-maneuver sequence in the 
proper state. Subsystem and system testing before launch 
had demonstrated the possibility of logic-state changes 
aboard the spacecraft because of electrical-transient 
effects or shock and vibration effects upon relays. It was 
determined, therefore, that reliance upon nonverifiable, 
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present logic states was unnecessary. Thus, following 
the precedent set during the Mariner IV maneuver, two 
direct commands were added to the midcourse- 
maneuver sequence to ensure that the spacecraft would be 
in the proper state to perform the midcourse maneuver. 

The first command, DC-V29, set the relays in each 
independent half of the pyrotechnics subsystem, arming 
the first set of motor-burn, start-and-stop squibs. The 

desirability of this is obvious if the results are con- 
sidered. For example, it would be disastrous if a 
maneuver were to be performed on the first-burn stop 
squibs but with the second-burn start squibs. This is a 
distinct possibiIity if relay contacts are subject to move- 
ment as a result of shock during boost. 

It was also thought advisable to ensure the arming of 
the midcourse maneuver by transmission of DC-V14 
(the command to revoke DC-V13). Both commands were 
ultimately adopted as a part of the normal midcourse- 
command sequence, as shown in TabIe V-4. 

)ivisioi 

29 

~ 

- 
33 

- 
34 

- 
35 - 
38 

- 

Table V-6. SPAC criteria for use of DC-V13 

Criteria 

1. Loss of real-time spacecraft data for a period considered 
long enough to prevent monitoring of the critical phases 
of the maneuver 

enough to prevent clear understanding of the state of  
the spacecraft 

3 Loss of communications with DSS for an extended period 
or at frequent and unpredictable intervals during the 
maneuver 

2. Loss of communications within SPAC for a period long 

4. Malfunctioning of  the on-line read-write-verify (RWV) a t  
a critical time during the maneuver, necessitating trans- 
mission of a DC-VI 3 immediately after the standby 
RWV acquires command lock 

1. Abnormal RF behavior that jeopardizes the ability to 

2. Unexpected deck skips 
3. Loss of telemetry data or inability to decommutate the 

data-encoder output 
4. Improper event-register readings 
5. Failure to switch data modes a t  appropriate times 
6. RF signal-strength variations that do not agree with 

analyze spacecraft performance 

programmed spacecraft turns 

1. Failure of gyros to turn on 
2. Abnormal gyro behavior 
3. loss of Canopus before start of the spacecraft turns 
4. Pitch or roll turn does not start 
5. Pitch or roll turn has incorrect polarity 
6. Pitch or roll turn does not stop 
7. Pitch or roll turn does not have proper duration 
8. Spacecraft does not start celestial-reference reacquisition 
9. Power measurements are not as expected 

IO. CC&S timing of  events i s  not within 1 DN of expected value 

None 
3 

1. Fuel pressure not between 150 and 400 psia 
2. Oxidizer pressure not between 300 and 450 psia 
3. Fuel temperature not between 40 and 125'F 
4. Nz pressure not within tolerance at 800 psia (for 16 m/s) 

, 
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In the process of midcourse-maneuver preparations, a 
list of criteria for the transmission of DC-V13 was gen- 
erated, as shown in Table V-6. This list was compiled 
by the SPAC director, with inputs from the supporting 
divisions, and was approved by the SFOD and the 
project manager. Each division listed in Table V-6 was 
responsible to the SPAC director for ascertaining that 
its criteria were satisfied. 

G. Encounter Planning 

1. Description. The encounter sequence evolved as a 
joint effort of SPAC and VEPWG. The basic planning 
guideline was to establish an encounter sequence that 
would maximize the probability of mission success. 

A description of the encounter-related ground com- 
mands is given for reference in Table V-7. These com- 
mands would be available for both primary and backup 
roles in the encounter sequence. 

a. Initial conditions. The Mariner V spacecraft con- 
figuration prior to DC-V25, which is the start of the 
active encounter phase, is presented in Table V-8. Here 
the spacecraft would be in the cruise state, with the excep- 
tion of the roll-control mode. The AC subsystem would 
be commanded from the normal roll-control mode to the 
DC-V15 mode approximately 10 days before encounter. 
No other pre-encounter conditioning was envisioned. 

b. Encounter alternatiws. Several alternatives that 
would have changed the spacecraft configuration at the 
start of (or during) the encounter phase are discussed 
herein. Each alternative spacecraft mode had to be care- 
fully examined to ascertain whether the mission value 
obtained outweighed the risk involved. 

Receive via high-gain antenna. During the final part 
of the cruise mode, the spacecraft received commands 
via the low-gain antenna and transmitted data to earth 
via the high-gain antenna. The capability both to re- 
ceive commands and transmit data via the spacecraft 
high-gain antenna would be available using ground 
command DC-V11. The advantages and disadvantages 
of receiving on the high-gain antenna during the en. 
counter phase are presented in Table V-9. 

Careful analysis by the telecommunications group 
showed that the interferometer pattern would reinforce 
the uplink signal at encounter. This information, added 
to nominal telecommunication subsystem performance, 
gave SPAC a high degree of confidence that command 

Zommand 

DC-V2 

DC-V4 

DC-V5 

DC-V9 

DC-V16 

DC-V22 

DC-V24 

DC-V25 

DC-V26 

DC-V28 

Table V-7. Ground commands related to 
the encounter sequence 

Function 

(1 ) Can be used to turn science 2.4-kHz power on. DAS 

(2) Can be used to switch DE from data mode 1, 3, or 4 
encounier logic i s  reset a t  power on. 

to dota mode 2. 

(1 ) Can be used to switch DE from data mode 1, 2, or 3 

(2) Backup to MT-9. 
(3) Can be used to stop tape-record mode. 

Data-rate toggle command. Can be used to fast-count 
DAS clock A at 33% bits/s if clock is  running late. 
Resume normal count rate at 8% bits/s by sending 
second DC-V5. 

to data mode 4. 

IRanging toggle command. Used to turn ranging channel 
on or off. 

(1) Sets up DAS frame counter (clock A) to serve as backup 
source for clock 8. Also provides toggle capability for 
enabling/disabling clock A outputs. 

(2) Resets frame count to zero. 

Backup for switching high-goin antenna to position 2. 
Could not be used before encounter without 
ieopardizing enter-occulation data. 

(1 ) Can be used to switch DE to mode 3. 
(2) Serves as a toggle function for enabling/disabling 

(3) Backup for MT-8. 
DAS clock B. 

(1 ) Can be used to turn tape recorder 2.4-kHz power on. 
(2) Turns science power on. 
13) Energizes terminator sensor. 
(4) Turns battery charger off. 
(5 )  Backup to Mi-7. 
(6) Overrides gyros-on/main-booster-failed logic. 

(1 ) Turns science power off. Can be used with DC-V2 or 
DC-V25 to reset DAS encounter logic via power-on- 
reset function. 

(2) Turns battery charger off. 

(1 ) Provides only means of turning tape recorder 2.4-kHz 

(2) Can be used to toggle battery charger on or off. 
power off. 

capability would exist at encounter by means of the low- 
gain antenna, using a DSIF 10-kHz transmitter, as long 
as Canopus was acquired. 

The time gained in reacquiring two-way lock at exit 
occultation using the high-gain antenna would be only 
a few seconds. This gain was judged to be of low valug 
compared to the disadvantages of receiving via the 
high-gain antenna. 
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Table V-8. Spacecraft configuration before DC-V25 

Subsystem 

7adio 

Command 

'ower 

Central computer and 
sequencer 

3ata encoder 

Attitude control 

Pyrotechnics 

Post-injection propulsion 

Tape recorder 

Data automation 

Trapped radiation detectoi 

Plasma probe 

Magnetometer 

UV photometer 

Dual-frequency receiver 

Status 

Exciter B 
Power amplifier A (TWT) 
Transmit via high-gain antenna 
Receive via low-gain antenna 
High-gain antenna in position 1 
Ranging o f f  

In lock 

Main booster on 
Maneuver booster of f  
Battery charger of f  
Boost mode enabled 
Science override off 
620 W available from solar panels 

L-1 , L-2, and L-3 set 
MT-1, MT-2, MT-3, MT-4, MT-5, and 

MT-7, MT-8, and MT-9 have not occurred 

Data mode 2 
Data rate at 8% bitsfs 
Analog-to-digital converter-PNG B 

Gyros off 
Canopus gate logic overridden by DC-VI 5 
Canopus sensor cone angle at MT-4 position 
Planet sensor excitation off 
Terminator sensor excitation off 

All pyro devices except APAC squibs and 
second motor-burn squibs expended 

Second motor-burn capability unarmed 

2.4-kHz off 

2.4-kHz power on 
Clock B not counting 
Clock A encounter outputs inhibited 

Returning useful data 

High-voltage inhibit of f  
Returning useful data 
Cruise mode data format 

Returning useful data 

Normal calibration sequence 
Returning useful data 

Stanford transmitter off 
Returning useful housekeeping data 

MT-6 set 

Laboratory tests and flight tests showed that ranging 
and command modulation could be applied simulta- 
neously in the receive low-gain mode without adverse 
effects upon the command subsystem. The restriction to 
be placed upon this mode of operation was that total 
uplink-carrier suppression could not exceed 10 dB. 

Table V-9. Receive via high-gain antenna 

Advantages 

Higher signal level for receiving 
commands. 

Eliminates interferometer pattern. 

Increases tracking rate capabiliiy 
for spacecraft receiver. 

Obtains faster reacquisition of 
two-way lock upon emerging 
from occultation. 

Could have ranging and 
commanding capability 
simultaneously. 

Disadvantages 

May lose command lock tempo- 
rarily a t  switchover. 

If roll control lost while receiving 
on the high-gain antenna, 
command capability could be 
lost for a maximum of 133 h. 

DC-VI 1 mode has not been pre- 

Nominal carrier suppression caused by command modu- 
lation alone would be 3.2 dB. 

Results of the decision to remain in the receive low- 
gain antenna mode became more evident once DC-V15 
was chosen as the encounter roll-control mode. Receiving 
via the high-gain antenna in the DC-V15 mode was not a 
compatible choice. If roll control were lost, and uplink 
lock could not be obtained, it could take as long as 133 h 
(2 cyclics) before onboard logic would switch the radio 
subsystem back to the receive low-gain mode, and allow 

d commands. This duration couId be 
at the science data of highest 

cur in a period estimated to be less than 
2 h. The receive low-gain mode was used successfully 
during encounter with Mariner IV. 

Alternate methods of roll control. The available modes 
of roll control at encounter were the normal mode, the 
DC-V18 mode, and the DC-V15 mode. In the normal 
mode, gyros would come on, and the spacecraft would 
start a ccw roll search if Canopus acquisition were lost. 
In the DC-V18 mode, the gyros would be turned on, the 
Canopus sensor turned off, and the roll axis placed on 
inertial control. If the AC subsystem were in the DC-V15 
mode, the gyros would be inhibited from coming on if 
Canopus or sun acquisition were lost and the Canopus 
sensor low-brightness gate were disabled. The advan- 
tages and disadvantages of each roll control mode are 
listed in Table V-10. 

Three items that could affect the AC subsystem at 
encounter were Venus straylight, dust particles, and 
APAC. The predicted trajectory aiming point was away 
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Table V-10. Roll-control modes for encounter 

Roll mode 

Normal 
(roll axis 
on optical 
control) 

DC-V18 
(roll axis 
on gyro 
control) 

DC-VI 5 

Advantages 

f Canopus acquisition were lost in cw direction, spacecraft would 
search back into Canopus immediately. Predicted roll motion 
caused by APAC was in cw direction 

No ground commands would be required to stay in this mode 
No problems have been experienced in this mode since launch 
Roll-position telemetry i s  available 

Eliminates straylight and dust-particle problems because Canopus 

Prevents potential damage to Canopus sensor because bright 
objects such as Venus could not be acquired with sensor off 

sensor i s  of f  

Spacecraft will not go into roll search i f  Canopus acquisition is  

Preventing gyros from coming on assures that DC-V25 can be 

Roll-position telemetry available 
This mode was used successfully for approximately 3 yr on 

lost, enhancing chances of obtaining occultation data 

used without danger 

Mariner IV 

from the Canopus sensor straylight-constraint area. Thus, 
straylight from Venus did not appear to be a problem; 
however, should Canopus acquisition be lost and the 
spacecraft start a roll search, Venus could be acquired. 
The critical period was calculated to be the first hour 
following encounter, when the limb of the planet was 
within the Canopus FOV during search. Acquiring Venus 
would degrade the Canopus sensor. 

The occurrence of APAC was recognized as a possible 
source of dust particles. If one of these particles moved 
slowly enough through the Canopus sensor FOV, Cano- 
pus acquisition would be lost. To lose Canopus acqui- 
sition, the particle must be moving on the order of 0.5 
deg/s in clock angle, and remain in the FOV long enough 
to roll the spacecraft beyond the FOV of the sensor. 
Canopus acquisition could be maintained as long as the 
star remained within about t3.5 deg of the boresite axis 
of the sensor. The probability of losing Canopus acqui- 
sition because of a dust particle was thought to be very 
small. 

An analysis of the APAC effect upon spacecraft atti- 
tude was conducted by the AC group. The results indi- 
cated that the transient imparted upon the spacecraft as 
the high-gain antenna changed position was within the 
dynamic control range of the AC subsystem. There 
appeared to be no danger of losing celestial references. 

~~ 

Disadvantages 

If Canopus acquisition were lost in ccw direction, spacecraft will 
search away from Canopus a t  7 deg/min. In worst case, loss of  
enter or exit occultation would occur during reacquisition 

Gyros have been dormant since midcourse maneuver. A m o l l  
chance that a malfunction could jeopardize mission 

Loss of roll-position telemetry in this mode. SPAC would have to 
use received signal strength to estimate and correct antenna 
clock because of gyro drift. Uncertainty in this method may 
degrade return of certain science data 

No in-flight experience in this mode with Mariner V 
More chances for human error because of type of coverage 

required during inertial mode 

If Canopus acquisition i s  lost after closest approach in ccw direc- 
tion, straylight from Venus may provide on error signal that 
would roll spacecraft towards Venus 

reacquisition of  Canopus would be unlikely. This problem i s  

in realm of double failures 

If  DC-VI 5 cannot be reset and Canopus acquisition i s  lost, 

The predicted time for all position transients to settle 
back within the control deadband was 3-4 min. 

The chances of mission success appeared to be en- 
hanced by having the D@-V15 mode in effect, preventing 
the spacecraft from entering roll search during the period 
when stable roll orientation would be vital, especially as 
the risk associated with using DC-V15 would be nominal. 
For these reasons, DC-V15 was the recommended roll- 
control mode for encounter. Sending this command 
10 days before encounter would allow sufficient time to 
gain operational experience in the DC-V15 mode. 

One-way os two-way entry. The ground transmitter 
was to be turned off approximately 1 h before Mariner V 
entered occultation. This would place the spacecraft in a 
one-way (noncoherent) tracking mode. In the noncoherent 
mode, the downlink carrier signal would be generated by 
an auxiliary oscillator (AO) in the spacecraft radio- 
exciter module. The radio receiver voltage-controlled 
oscillator (VCO) would supply the downlink carrier sig- 
nal in the two-way (coherent) tracking configuration. 

The principal disadvantages of entering occultation in 
the two-way mode would be as follows: 

(1) Loss of uplink lock would degrade the results of the 
occultation experiment! During switchover from 
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VCO to AO, the VCO would become free-running 
and be driven by noise for about 20 s. Data derived 
from the downlink carrier during this interval 
would be meaningless. 

After switchover, the A 0  frequency would be 
changing rapidly during the initial stages of the 
temperature-warmup transient. Analysis of the data 
obtained during this interval would be extremely 
difEcult. 

In the two-way tracking mode, the spacecraft 
downlink carrier frequency would be a direct mul- 
tiple of the uplink carrier frequency; therefore, the 
effects of the Venusian atmosphere would enter 
twice. As a result of the frequency deviation in 
the downlink carrier, frequency would be doubled, 
necessitating a twofold increase in the receiver 
bandwidth required to track the signal. 

The closed-loop receivers would lose lock earlier 
for the same signal strength because of the doubled 
frequency rate. The ability to capture the surface 
ray for denser atmospheres would decrease. 

Command sequence 

DC-V25 before MT-7 

DC-V25 after MT-7 

The advantages of remaining in the two-way con- 
figuration as the spacecraft entered occultation were as 
follows: 

Spacecraft event 

Tape recorder 2.4-kHz power on. 
Terminator sensor excitation on. 

Arm DAS APAC circuit. 
Override gyros-on/failed-main-booster 

Counter 4 event. 

Override gyros-on/failed-main-boosier 

Counter 4 event. 

logic (not seen in telemetry). 

logic (not seen in telemetry). 

Greater precision of upper-atmosphere measure- 
ments could be attained because the VCO fre- 
quency is more stable than that of the AO. 

Ambiguous interpretation of small frequency varia- 
tions in the lower-atmosphere measurements would 
be eliminated. 

Command capability could be maintained for the 
maximum period. 

The principal investigator for the S-band occultation 
experiment felt that the advantages of switching to the 
one-way tracking configuration outweighed the advan- 
tages of remaining in the two-way configuration. 

Exciter switch. The spacecraft design included two 
identical exciters for block redundancy in the radio sub- 
system, with only one exciter energized at any given 
time. A proposal was made to use DGV8 to switch to 
exciter A in order to examine its characteristics as a 
potential exciter for entering occultation. Until this time, 
the spacecraft had retained the launch exciter (exciter 
B). The risk associated with this exercise appeared to be 
low, in that a double failure was required (exciter A 
inoperative and logic not available to switch back to 

exciter B). The gain from this exercise, which would be 
a possible refinement of upper-atmosphere measure- 
ments, was considered low. The decision made by the 
project manager was to switch exciters only if a sub- 
stantial degradation in exciter B occurred. 

2, Encounter sequence development. 

a. Encounter sequence initiation. Two methods were 
available for initiating the encounter sequence: Ground 
command DC-V25 or CC&S command MT-7. After de- 
tailed study, DC-V25 was chosen as the best method of 
initiating the encounter sequence, and MT-7 served as 
the backup command. 

The primary function of DC-VB would be to activate 
encounter-related hardware normally dormant during the 
cruise phase of the mission; namely, the tape recorder 
and the terminator sensor. At the same time, excitation 
would be applied to the DAS APAC-command circuit. 
Also, special logic in the power subsystem protecting the 
maneuver booster would be disabled. In the absence of 
DC-V25, this logic would turn the science 2.4-kHz power 
off if the gyros came on during a main-booster failure. 

The nominal spacecraft events for DC-V25 sent before 
MT-7, and for DC-V25 sent after MT-7, are listed for 
comparison in Table V-11. The decision to send DC-V25 
before MT-7 was supported by the arguments presented 
below. 

Confidence that the DC-V25 override function had 
actually occurred would be increased. The DE counter 4 
event (the sole telemetry change for DGV25 sent after 
MT-7) would indicate only that a 9-bit command was 
received at the spacecraft, of which the first three bits 
were correct. There would be no assurance that the 
remaining six bits used to decode the command were 
proper. A command having a fictitious address, or one 

Table V-1 1. Effects of DC-V25 
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that was legitimate but had no effect on the state of 
the spacecraft, would give the same indication. By send- 
ing DC-V25 before MT-7, several power readings would 
change as a result of turning the tape recorder on. This 
additional information would show that the command 
subsystem had correctly received and decoded DC-V25. 
This knowledge would eliminate a major portion of the 
command subsystem as a series element in establishing 
a confidence factor that the DC-V25 override function 
was, indeed, in effect. Absolute certainty that the over- 
ride function was activated was not possible because of 
telemetry limitations. 

The knowledge attained by observing the results of 
DC-V25 could contribute strongly to future SPAC action. 
The additional reaction time gained would be about 2% h. 

Additional time would be available for conducting 
the A 0  test immediately after MT-7 was sent. 

The logic in 4A8, which turns science power off if the 
gyros come on with the main booster failed, provides 
protection against over-stressing the maneuver booster. 
This logic could be overridden beforehand only by 
DC-V25-a fact that could be an argument for not send- 
ing DC-V25 at all. 

A special test, which involved failing the main booster 
with DC-V15 and DC-V25 in effect, was conducted by 
the test team, who used the flight-support spacecraft 
(M67-1). The results were: (1) DC-V25 remained in 
effect; (2) DC-V15 was removed; (3) the DAS logic was 
reset to the cruise state, and the frame counter was reset 
to zero; (4) the tape recorder issued an EOT command; 
and (5) Canopus lock was lost, causing a roll search to 
be initiated. The test was repeated four times, with the 
same results. These results demonstrated a single failure 
mode in which gyros come on with the main booster 
failed. In this mode, the maneuver booster becomes sub- 
ject to overstress because of the loads it must carry. At 
this point, failure of the maneuver booster would be 
catastrophic to the mission. 

To reduce the chances of overstressing the maneuver 
booster, a special set of ground rules was established for 
transmitting DC-VS. The power subsystem personnel 
felt that DC-V25 could safely be transmitted under the 
following conditions: (1) Bay 8 temperature was less than 
10O0F, (2) the primary system voltage was higher than 
40 17, and (3) the total load to be supported by the 
maneuver booster if the main booster failed did not 
exceed 155 W. The predictions for encounter were that 

Bay 8 temperature would be about %OF, the power 
switch and logic voltage would be higher than 43 V, 
and the maximum possible load for the maneuver booster 
would be 145 W. The latter figure included gyros on, 
science power on, and all gas jets firing. Based upon 
these encounter predictions, it appeared that DGV25 
could safely be used. 

Having DC-V25 in effect would prevent loss of scien- 
tific data in the following way: If a failure occurred in 
the 4A8 logic that produced a false gyros-on/failed-main- 
booster indication, science power would be turned off. 
If this failure occurred in close proximity to the planet, 
scientific returns for this mission could be greatly reduced. 

b. Auxiliary oscillator test. The radio mode chosen for 
entering occultation was the noncoherent mode (AUX 
OSC). For this mode, it was highly desirable to check 
the characteristics of the auxiliary oscillator shortly be- 
fore committing it to the sequence. If the A 0  was found 
to be unacceptable, the backup unit would be com- 
manded on by DC-V8. Factors related to selecting a 
time in the encounter sequence to conduct the AUX 
OSC test are described below. 

The total test period could extend beyond 2 h. The 
average AUX OSC warmup time was about 1 h. This 
information was obtained by conducting AUX OSC 
warmup tests once a week for several consecutive weeks 
before encounter. At the end of the warmup period, if 
A 0  performance was questionable, a DC-V8 would be 
sent to switch oscillators. An additional hour to test the 
backup unit would then be required. As the backup unit 
had not been used in flight, its stability characteristics 
could be worse than those of the AO. In this case, an- 
other DC-V8 would be sent to switch back to the original 
configuration. For each DC-V8, time would be required 
to go two-way and to lock up the command subsystem. 

The nature of the AUX OSC test required that it be 
conducted in a continuous manner until completed. 

If an emergency situation requiring ground-command 
action occurred during the AUX OSC test, reaction time 
would be lost in locking up the command loop. 

The time chosen to make a last check of the A 0  before 
committing it to encounter was approximately 13 h be- 
fore closest approach. This placed the start of the test 
4 h before the next scheduled command (DC-V9) and 
immediately following verification of MT-7. At this time, 
the encounter sequence would be relatively inactive, and 
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emergency-command situations were rather unlikely. 
Also, there would be ample time to switch to the backup 
oscillator, if necessary. 

c. Near-planet ranging. Ranging during the first 6 
million miles of the mission was accomplished from any 
of the assigned tracking stations, using standard DSIF 
equipment. Ranging beyond that distance required 
special DSIF equipment available only at DSS 14. Thus, 
near-Venus ranging would be constrained to the DSS 14 
encounter pass, which lasted about 11 h, with encounter 
nearly centered in the pass. 

For optimum ranging return, it was desirable to range 
over as much of the DSS 14 pass as possible. The data 
of highest value for the celestial mechanics experiment 
would occur just before Mariner V entered occultation 
and immediately following exit occultation. These data 
would contribute significantly to a better determination 
of the astronomical unit, the mass of the planet, and the 
earth-Venus ephemeris. 

Decisions related to integrating ranging into the en- 
counter sequence were: (1) The time that DC-V9 should 
be transmitted to turn on the ranging channel; (2) the 
time to apply ranging modulation; (3)  whether commands 
should be sent with ranging modulation present; and 
(4) whether ranging would degrade command-subsystem 
performance. These decisions had to be made before 
committing ranging to the encounter sequence. 

The first step in the ranging procedure would be to 
turn on the ranging electronics. This function could be 
accomplished only by ground command DC-V9, which 
was a toggle-type command; i.e., if it were sent a second 
time, it would turn ranging off. 

During system testing, it was found that the spacecraft 
receiver was adversely affected when ranging was turned 
on by DC-V9 at low signal levels (uplink). As a result, 
the command subsystem dropped lock. This potential 
operational problem led SPAC to conduct in-flight DC- 
V9 tests after the midcourse maneuver. For these tests, 
uplink signal strength was reduced to the predicted 
encounter level, and DC-V9 was then sent to turn rang- 
ing on. The resuIts showed the command subsystem to 
be dropping lock. This information indicated the impor- 
tance of not having the command subsystem enter into 
the false-lock state following DC-V9, as, in this state, the 
command subsystem could not process commands. This 
meant that enough time would have to be allowed be- 
tween DC-V9 and the next command to remedy false 
lock if it occurred. After verifying false lock, the required 

action would be to turn command modulation off for 
several minutes, and then reapply it. The expected lockup 
time for the command loop at encounter was 6-12 min 
plus the two-way light time. An absolute minimum of 
30 min would be needed between DC-V9 and the next 
command to ensure sufficient reaction time to false lock. 
The recommended DC-V9 time to turn rznging on was 
08:50:00 GMT, which placed the command about 2 h 
before both the next command (DC-V24) and the DSS 
14 rise. 

At the request of VEPWG, laboratory tests were con- 
ducted to determine the effect of both command and 
ranging modulation on simultaneously upon command- 
subsystem performance. Based upon these test results 
and other considerations, the following criteria related 
to ranging and commanding were established: 

(1) Total uplink carrier suppression could not exceed 
10.0 dBmW. As command modulation added 3.2- 
dBmW carrier suppression, this allowed 6.8 dBmW 
for ranging modulation. 

( 2 )  Commands would not be sent with ranging mod- 
ulation on. The amount of ranging data lost be- 
cause of this constraint was not enough to offset 
potential problems related to losing command 
lock. 

The time selected for applying ranging modulation was 
12:44:00 GMT, which allowed 1 h in which to complete 
the scheduled two-way station transfer (DSS 62 to DSS 
14), to verify spacecraft static phase error (SPE), and 
to lock up the command loop. Ranging modulation would 
be turned off for DC-V16 and DC-V9 per criterion (2), 
above. Ranging modulation would remain off following 
DC-V9 until after encounter because the spacecraft 
would enter occultation in the one-way tracking mode. 
After exit occultation, and after the ranging electronics 
were turned back on by DC-V9, ranging modulation 
would be reapplied as soon as possible. With this 
approach, another 2% h of ranging could be obtained 
after exit occultation and before the DSS 14 pass ended. 

An investigation of potential ranging failure modes 
that would be catastrophic to the mission revealed the 
following: If one of the decoupling filter capacitors in 
the 9.56-MHz isolation amplifier short-circuited to ground, 
a +14-V power supply would be reduced, making the 
radio receiver inoperative. This would abort further 
command and two-way tracking capability for the, re- 
mainder of the mission. Because of the ranging success 
during the cruise phase, and also because the tendency 
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for this type of filter capacitor to fail is very slight (based 
upon Mariner IV flight experience), this failure mode 
was thought to be of low probability. All other failure 
modes resulting in adverse effects upon the mission would 
require double or triple failures. 

Command sequence 

d .  Science subsystem conditioning. Two methods would 
be available to condition the science subsystem for the 
encounter phase: Ground command DC-V24 or CC&S 
command MT-8. Because of the advantages to be gained, 
DC-V24 was selected as the prime command, with MT-8 
as the backup mode. 

Spacecraft event 

The expected spacecraft events for DC-V24 sent be- 
fore MT-8, and for DC-V24 sent after MT-8, are listed 
in Table V-12. 

CC-V24 before MT-8 

DC-V24 after MT-8 

The decision to preempt MT-8 was twofold: (1) Veri- 
fication of DC-V24, if it came after MT-8, would not be 
possible in real time. Data encoder event-channel read- 
ings were not displayed in data mode 3; therefore, the 
counter 4 event would not be available in the telemetry. 
The DAS status bit assigned jointly to MT-8 and DC- 
V24 would already be set by MT-8, and would not change 
state for the first DC-V24. The remaining spacecraft 
functions available from DC-V24 would have already 
occurred as a result of MT-8. (2) The DC-V24 command 
served as a toggle function for enabling and disabling 
clock B. In the enabled state, clock B would begin count- 
ing upon receipt of the PSO. In the alternate state, clock 
B would be prohibited from starting upon receipt of 
PSO, or would be stopped if PSO had occurred. The 
latter function would be used, for example, if PSO 
occurred early, or if a failure caused clock B to count 
faster than normal. The clock B disable function was 
activated when an even number of DC-V24 commands 

Data encoder switches to data mode 3. 
Excitation applied to planet sensor. 
Plasma probe switches to mode 3 format. 
Remove inhibit from clock B and set up 

Set up clock A for DC-V16. 
Counter 4 event (not seen in data). 
DAS status bit 17 changes state. 

Counter 4 evpnt (not seen in data). 
Set up clock B toggle logic (not seen in 

toggle logic. 

data). 

Table V-12. Effects of DC-V24 

t I 

were received by the spacecraft. By initiating the data 
mode 3 period with DC-V24, the spacecraft logic would 
then be set up for a faster or slower response for clock B 
inhibit because only one more DC-V24 would be re- 
quired, as opposed to two for the MT-8 approach. Know- 
ing the exact state of the DC-V24 toggle logic would be 
of paramount value in making operational decisions 
involving clock B. Specifically, verification of the first 
DC-V24 would be essential. As pointed out above, such 
verification would be available only if DC-V24 were 
sent before MT-8. 

The recommended transmission time for DC-V24 was 
10:50:00 GMT (about 27 min before MT-8). 

e. Initiation of encounter backup clock. The data- 
storage sequence could be controlled by outputs from 
either clock A or clock B located in the DAS. Two clocks 
were provided for redundancy. Clock B, which was dor- 
mant during the cruise phase of the mission, would start 
counting upon occurrence of the PSO; clock A, which in 
reality was the frame counter during cruise, required 
ground command DC-V16. Command DC-V16 would 
reset the frame counter to zero and simultaneously enable 
the encounter output logic of the timer. The fixed out- 
puts of clock A and clock B, with corresponding frame 
numbers are listed in Table V-13. 

Table V-13. Outputs from DAS encounter clocks 

Clock function 

Issue "start tape" signals 
Begin track 1 data 
Inhibit UV-photometer calibrate 

Begin track 2 doto 
Antenna pointing angle change 
Stop track 2 dota 
Stop sending "start tape" signals 
Switch to data mode 2 
Remove plasma probe mode 3 
Inhibit clock A outputs 
Remove planet sensor excitotion 
Remove UV-photometer calibrate inhibit 
Issue "stop tape" signal 
Stop clock B 
Stop track 1 data 

sequence 

Clock A 
frames 
from 

DC-V16 

145 
145 
145 

160 
2 24 
288 
288 
304 
304 
304 
304 
304 
304 
304 
304 

UThere functions are initiated by PSO, not by clack B. 

Clock B 
frames 
from 

planet 
sensor 
output 

1" 
1" 
la 

16 

144 
144 
160 
160 
160 
160 
160 
160 
160 
160 , 

- 
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Fig. V- 1 1. Occultation time dispersions 

An item to be resolved by VEPWG was to establish 
the criteria for selecting the DC-VI6 transmission time. 
As can be seen from Table V-12, clock A outputs fall 
into two categories: Clock B backups and the APAC 
backup. Factoring clock A outputs in this manner reveals 
two different criteria for choosing a DC-V16 transmission 
time; namely, DC-V16 could be sent to have the clock A 
backup functions coincide with or occur at a desired 
offset relative to the clock B functions, or the APAC 
backup could occur at a unique time relative to the 
center of occultation. 

It was decided to transmit DC-V16 so that the clock A 
APAC function would occur at the center of the occulta- 
tion dispersion block, as shown in Fig. V-11. The ter- 
minator sensor would remain the primary command 
source for APAC, and would occur about 2 min earlier. 
If the terminator sensor failed to give an output, clock A 
would then provide the APAC command at a time that 
maximized the chances of obtaining both the enter and 
exit surface rays. Based upon available trajectory infor- 
mation and the APAC constraint, DC-V16 would be trans- 
mitted approximately 3 h before encounter. This time 
would also establish clock A as a backup for clock B, 
with clock A lagging 5 to 10 min. This lag would allow a 
successful clock A record session if clock B failed. 

Several weeks before encounter, a DFR measurement 
was requested. This was to occur at a unique time before 
encounter. Specifically, science word 21 was requested 
to occur in an even-numbered frame as close to (but no 
later than) 195 s before closest approach. The attempt 
would be to capture the last reading of the DFR 
modulation-phase signal just before the DFR dropped 
lock. This measurement enters the DC-V16 discussion 
because DC-V16 resets the frame counter to zero and 
establishes the time that the even-numbered frames will 
occur relative to encounter, A review of the DAS logic 

confirmed that, at most, the DFR constraint would shift 
DC-V16 transmission time by one frame (50.4 s). That 
this would, in turn, shift the DAS APAC command by a 
similar amount was felt to be of insignificant impact. 
Upon this basis, the final criteria agreed upon for estab- 
lishing the DC-V16 transmission time were twofold: 

Clock A was to issue the APAC backup command 
within 50.4 s (one frame) of the center of occulta- 
tion time predicted by the FPAC director. 

Word 21 in the real-time science frame would occur 
in an even-numbered frame as close as possible 
(but no later than) E-3.25 min. 

Calculation of the DC-V16 transmission time deserved 
special attention as it established a time-critical, ground- 
command situation, as well as being a real-time computa- 
tion. Upon this basis, algorithms were developed inde- 
pendently by SPAC and SSAC personnel for computing 
the DC-V16 transmission time. These algorithms were 
cross-checked many times, then tested in a simulated 
SPAC encounter test. The result showed that the 
algorithms could be manipulated swiftly and with a 
high degree of confidence. 

A subtle point related to DAS mechanization was 
brought to light in developing the algorithms for DC-V16. 
The total time for clock A to count out a given output, 
such as the APAC command, could vary from 0 to 50.4 s, 
depending upon the time that DC-V16 arrived at the 
spacecraft relative to the science-gate pulse. The DAS 
increments the frame count at each science-gate pulse 
that is received from the data encoder. Upon receipt of 
DC-V16, the frame counter is zeroed, then advanced to 
a one-count (F/C = 1) at the next science-gate pulse. 
The length of the first frame can be from 0 to 50.4 s, 
depending upon where DC-VI6 arrived with respect to 
the science-gate pulse. All remaining frames would be 
normal. The ambiguity in clock A count time was elim- 
inated by using the telemetry to the science-gate times 
on the spacecraft. The arrival time of DC-V16 at the 
spacecraft was calculated by adding one-way light time 
and read-write-verify delay to the transmission time. 
Comparing the arrival time with the predicted science- 
gate times, the time of F/C-1 could be established 
within 1 s. Using F/C-1 as the reference point instead 
of F/C -0 would give 1-s resolution of the predicted 
clock A APAC time. 

f. Planet acquisition. Acquisition of the planet would 
occur when the limb of Venus intersected the FOV of 
the planet sensor. This trajectory-dependent relationship 
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would be the reference point for initiating the data- 
storage sequence. The predicted time for the PSO was 
68 min before encounter. The uncertainty associated 
with this time during the early encounter-planning stage 
was +6min. 

I+ 134 min Y 

START TAPE (PLANET SENSOR OUTPUT) 

-m2 i: l + i i ? n ~  rn 2 . 5 ~ ~ 1 2 ~  i n min P 

The PSO uncertainty would decrease as the space- 
craft neared the planet because the trajectory would 
become more accurately known from the additional 
tracking and ranging data. On the day of encounter, the 
PSO uncertainty would be about 2 1  min, of which only 
a few seconds would be because of trajectory uncertainty. 
The primary contributors at that time would be uncer- 
tainty as to the brightness of the planet, the threshold 
of the planet sensor, and the AC limit cycle of the 
spacecraft. 

TRACK I 

TRACK 2 

Normal spacecraft response for the PSO was as follows: 

NO TEST NO 
E DATA PATTERN DATA 
0 

NO TEST NO \\\\ TRACK 2 DATA DATA NO 

\ \ \ \ \ \ \ \  DATA PATTERN DATA 
\ - 

Clock B would start counting out the record 
sequence. 

DAS would begin issuing “start tape” signals to the 
tape recorder on 50.4-s centers. 

The tape recorder would begin recording data 
on track 1. 

The UV-photometer calibrate signal from DAS 
would be inhibited. 

The latter three functions were not decodes of clock 
B; therefore, they could occur independently of clock B 
starting. Clock A would provide the backup mode for 
PSO. In the absence of PSO, clock A would start the 

tape recorder, inhibit the UV-photometer calibrate signal, 
and issue all of the commands normally available from 
clock B. Clock A would not start clock B. Under normal 
conditions, clock A would be counting in its encounter 
mode 2 h before the occurrence of PSO. This would 
allow sufficient time to justify complete confidence that 
the first clock A decode would be available at the ex- 
pected time. 

The nominal record pattern for both track 1 and track 2 
would be as shown in Fig. V-12. The tape recorder 
would begin recording data on track 1 upon receipt of 
the DAS “start tape” command triggered by PSO. Clock B 
would initiate the recordings of track 2 data 12.6 min 
later, The track 2 record interval, which was 107.5 min, 
would be terminated by clock B. The track 1 record 
interval would end at the EOT command, and would be 
127 min long. The DAS status bits would be available 
for acknowledging the presence or absence of both track 1 
and track 2 data. Clock A would back up both the 
clock B and EOT functions. 

A discussion of problems associated with an early 
PSO and the required corrective action is given in Sub- 
section G-4-a, below. 

g. Occultation. Based upon the computed trajectory, 
the spacecraft would drop RF lock within several minutes 
of closest approach, the exact time depending upon the 
atmospheric characteristics of Venus. The predicted 
occultation period ranged from 11 min for a 40-atm 
model to 35 min for a 0-atm model. The estimated enter- 
and exit-occultation times for several model atmospheres 



of Venus are listed in Table V-14. It was thought that 
the surface ray could not be captured for atmosphere 
models beyond 40 atm. 

As the spacecraft entered and exited the occultation 
region, the S-band spacecraft-to-earth radio signal passed 
through the atmosphere and ionosphere of Venus. The 
change in amplitude, phase, and frequency of this signal 
will provide information from which a better model of 
the Venusian atmosphere and ionosphere can be con- 
structed. 

The spacecraft would enter occultation in one-way lock 
for the reasons discussed in Subsection G-1-b, above. 
When Mariner V emerged from occultation, two-way lock 
would be established just before the spacecraft entered 
the ionosphere. The two-way configuration would provide 
more accurate tracking data for determining ionospheric 
information on the sunlit side of Venus, and would also 
minimize SPAC response time if a command were 
needed. The two-way lock condition would be maintained 
until the start of the AUX OSC test scheduled approx- 
imately 4 h later. 

All four Goldstone stations would be scheduled to sup- 
port the S-band occultation experiment. The proposed 
configuration for entering occultation would have DSS 
14 as the prime station for both open-loop and closed- 
loop data by DSS 11 and DSS 12. 

The tracking configuration for retrieving the exit- 
occultation data would be different. Receiver 1 at DSS 11 
and DSS 12 would be tuned to the predicted one-way 
frequency, and would lock up as quickly as possible upon 
reappearance of the downlink signal. Tuning would be 
accomplished while the spacecraft was occulted. At  the 
same time, receiver 2 at both stations would be tuned 
to the predicted two-way frequency for the planned 
time of two-way acquisition. Also, the DSS 12 transmitter 
would be turned on in this interval, with the ground 

Table V-14. Predicted occultation times 

Exit occultation I Model 
atmosphere Enter occultation 

E-3 min E+22 min 40 s 

3 0  atma E+1 min E f l 8  rnin 
35 atma E f 2 . 6 7  min E+ 16 min 

=These atmosphere models were used for planning. It war recognized that, as 
the amount of the gases in the actual atmosphere changed from the model, the 
occultation times could change drastically. 

transmitter VCO set for the predicted best-lock frequency 
existing at E+1370 s. In this manner, the spacecraft 
would be illuminated when it emerged from behind the 
planet, but would not acquire the uplink signal until it 
swept into the best-lock frequency at E+1370 s. The 
DSS 12 transmitter would remain on until the time at 
which the transfer to DSS 14 would be made. The two- 
way station transfer was scheduled for 18:17:00 GMT. 
Before this time, DSS 14 would be in a one-way backup 
mode, and would be supplying 1-s resolution-doppler 
data to SFOF via the NSDL. 

The recommended station configuration would ensure 
reliable retrieval of the maximum amount of S-band 
occultation data. In particular, the stations would be in 
their desired mode before the spacecraft exited occulta- 
tion. No station adjustments that would change trans- 
mitter or receiver characteristics would be necessary. 
Such adjustments could introduce ambiguity into the 
data, and (in the worst case) data would be lost. The 
one-way mode would be maintained while the spacecraft 
passed through the critical atmosphere region. The two- 
way mode would be established after this region had 
been traversed, and in time to capture the ionosphere 
data. The required change from the one-way to the two- 
way mode would be at E + 1370 s. 

h. Record sequence termination. The encounter data- 
storage sequence would terminate about l h after closest 
approach. The sequence would be terminated by either 
the EOT foil passing over the EOT sensor or by the 
“stop tape” signal issued by the DAS. For a nominal 
sequence, the EOT signal would stop the record sequence 
127 min after PSO. Otherwise, clock B would serve as 
the backup, and issue a “stop tape” command 134.5 min 
after PSO. For a clock A encounter, the DAS “stop 
tape” command could come 254.5 min after DC-V16. 
The clock A and clock B “stop tape” commands were 
exclusively “ORed together in the DAS before being sent 
to the tape recorder. 

Not to stop recording at the end of the record sequence 
would be a failure of serious consequence. Running the 
tape past the record heads a second time, while in 
the record mode, would result in a loss of critical data. 
If data were still being received by the data-track record 
drivers, re-recording of results and encounter data would 
be replaced by after-the-fact data. If no data were 
present at the record-driver inputs, the tape would be 
erased. 

If the tape did not stop, the procedure to follow would 
be to send a DC-V4 followed by a DC-V2. The DC-V4 
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command would serve as a backup to the “stop tape” 
function by placing the tape recorder in its playback 
mode; the DC-V2 would then command the spacecraft 
to data mode 2, cancelling out the playback mode. The 
tape recorder would not return to the record mode 
following DC-V2. The record-playback relay in the tape 
recorder would remain in the playback state established 
by DC-V4. 

The scheduled time for applying command modulation, 
following exit occultation, was 18:41:00 GMT. Round- 
trip plus command-lockup time would take 21 min in 
the worst case. Two command-correlation periods of 
6 min each was assumed to be the worst case for 
command-lockup time. Round-trip time was taken as 9 
min. At worst case, a command would reach the space- 
craft at 19:06:30 GMT. The EOT signal would be due 
at 13:33:30 GMT. This time relationship would allow 
the erasure of 33 min of tape if the tape recorder had 
to be stopped by ground command. The leader at the 
beginning of the tape was 7 min long on track 1 and 
19.6 min long on track 2 (Fig. V-12). In worst case, 26 
min of track 1 data and 13.4 min of track 2 data would 
be lost. Also, the test pattern appearing in the leader 
would be lost. It was judged that only a small amount 
(if any) of significant data would be lost for this worst- 
case termination of the tape recorder sequence. 

Additional functions occurring upon termination of the 
record sequence were the following: 

(1) Switch to data mode 2. 

(2) Remove planet-sensor excitation. 

(3) Remove UV-photometer inhibit. 

(4) Remove plasma probe mode 3. 

(5) Stop clock B. 

(6) Inhibit clock A encounter decodes. 

These commands, available from both clock A and 
clock B, would return the subsystems to their cruise 
mode. The clock outputs were exclusively “ORed” to- 
gether in the DAS before being sent to the subsystems. 

At the end of the record sequence, if the data encoder 
failed to switch to data mode 2, the recommended pro- 
cedure would be to send DC-V2 twice. The second 
DC-V2 command would be sent only to increase the 
chances of the command being received. For a normal 
spacecraft response, the first DC-V2 would change the 
data mode, and the second DC-V2 would have no effect 
other than producing a counter 4 event. 

i. Playback. Approximately 14 h after ancounter, the 
CC&S would issue the MT-9 command, which auto- 
matically switches the data encoder to data mode 4/1. 
The tape recorder would start playing back the stored 
data, one track at a time. The data encoder would remain 
in data mode 4 as long as the tape recorder was recon- 
structing bit sync from the tape. This would indicate 
that the tape was so positioned that stored encounter 
data could be read out by the playback heads. Other- 
wise, the data encoder would switch to data mode 1, 
and process only real-time engineering data while the 
tape playback continued. 

The expected time and data-mode profile for playback 
is given in Fig. V-13. Both data-track combinations are 
given because either sequence is possible, depending 
upon the state of the data-track-select logic at turn-on. 
If track 1 was played back first, the initial 85 s of play- 
back time would be in data mode 4, and would corre- 
spond to the last 10.6 s of recorded data on track 1. This 
peculiarity would occur because of the location of the 
playback head with respect to the record head. If play- 
back started on track 2, no data would be present because 
track 2 data ends about 7 min before EOT. In this case, 
the data encoder would be switched to data mode 1 by 
the mode 4/1 logic. No real advantage could be found 
in playing back one track before the other. The capability 
to switch data tracks was provided by use of DC-V3; 
otherwise, the EOT signal switched data tracks at the 
end of each track playback. This EOT function occurred 
only if the tape recorder remained in its playback mode. 

The total time required to play back both data tracks 
would be 35 h, 50 min t 15  min. The uncertainty results 
from tape-recorder playback speed fluctuation during 
the “no data” periods. With data present on the tape, 
reconstructed bit sync would be compared to the data- 
encoder bit sync. The phase difference between these 
signals would then be used to control the VCO supplying 
the reference frequency for the playback motor. This 
forms a phase-lock loop for controlling playback speed, 
which is nominally 0.01 in./s. During the “no data” 
portion of playback, the phase-lock loop speed control 
would not exist. Laboratory test data showed that, in 
this configuration, the tape ran slower (0.0095 +0.0005 
in./s). 

The total cumulative ”no data” period on track 2 was 
longer than that on track 1. For this reason, the playback 
time associated with each track would not be equal, 
track 2 requiring about 12 min longer than track 1. 

It was not planned to initiate playback before the 
transmission of MT-9 if all spacecraft conditions appeared 
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CASEI: TRACK 1 PLAYBACK FIRST 

0 20 36 53 

NO TRACK I DATA DATA NO TEST NO 
DATA PATTERN DATA 

TRACK I DATA 

(DATA MODE 41 (DMI) (DM41 (DMI) (DATA 4, (DMI) 

NO TEST NO 
I DATA PATTERN DATA 

(DMI) (DM41 (DMI) 

min 
1069 1089 1105 1232 2092  2150 

+ + Ir 

MT-9 EOT EOT 

NO 

(DMI) 
DATA 

CASE 2: TRACK 2 PLAYBACK FIRST 
m i n  

0 20 36 I63 1023 1081 . 1101 1117 1134 2150 

TEST NO NO NO TEST NO TRACK I DATA 

(DATA MODE 4 )  DATA A DATA PATTERN DATA 
(DM41 (DM I) (DM I) (DMI) (DM41 (DMI) 

TRACK 2 DATA 
(DATA MODE 4 )  PATTERN DATA 

MT-9 EOT EOT 

A 8 5  s OF DATA MODE 4 

TAPE PLAYBACK SPEED: 0.01 in./s (DATA) 
0.0095 ? 0 . 0 0 0 5  in./s (NO DATA) 

Fig. V-13. Nominal Mariner V playback times 

normal. An early playback would be possible by pre- 
empting MT-9 with ground command DC-V4. As no 
strong arguments existed for playing back the encounter 
data earlier than MT-9, DC-V4 became the backup mode. 

The desired tracking configuration during playback 
was the one-way (noncoherent) mode. The chances of 
losing data in the one-way mode are less than in the 
two-way (coherent) mode. In the two-way mode, a tran- 
sient at the ground transmitter causing the uplink signal 
to malfunction would cause the spacecraft momentarily 
to shift the downlink frequency. If this frequency shift 
were too rapid, the ground receiver could not track it, 
and would drop lock. Telemetry would be lost until the 
receiver reacquired downlink lock. Also, the ground 
receiver could drop back at the time of the initial ground 
transmitter malfunction, and again data would be lost. 

The project scientist requested that the encounter data 
be played back twice. On this basis, the decision was 
made to track the spacecraft in the two-way mode for 
at least the first playback. If the quality of the data 
turned out to be poor, the second playback would then 
be performed in the one-way mode. The advantage of 
using the two-way mode during the first playback was 
that additional ranging and two-way doppler data could 
be obtained near the planet. The entire DSS 14 pass, 
which started about 17 h after closest approach, would 

be available for ranging. These data would aid in deter- 
mining more accurately the mass of Venus, the earth- 
Venus ephemeris, and the astronomical unit. The two- 
way doppler would provide much better resolution for 
redetermining the spacecraft trajectory. 

A choice existed as to whether the tape recorder 2.4- 
kHz power should be turned off or left on upon termi- 
nation of playback. Leaving tape-recorder power on would 
require fewer commands for the anticipated post- 
encounter UV-photometer exercises. The tape-recorder 
personnel favored turning the power off, as this instru- 
ment was not designed to remain on for long periods, 
and had not been subjected to prolonged life testing. 
Upon this basis, the recommended procedure for- ter- 
minating playback was to transmit DC-V2, DC-V28, and 
again DC-V28. The DC-V2 command would inhibit 
further playback by placing the tape recorder in its 
“standby” mode. Also, the data encoder would be placed 
in the cruise mode (data mode 2). The first DC-V28 
command would turn the tape recorder 2.4-kHz power 
off and turn the battery charger on. The second DC-V28 
command would turn the battery charger off at a time 
designated by the power-cognizant engineer. 

j .  Planned encounter sequence chronology. The en- 
counter sequence that was ultimately recommended and 
adopted by SPAC is given in chronological order in 
Table V-15. 
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Table V-15. Planned encounter sequence chronology 

Event 

DSS 41 (Woomera) rise 
Backup DSS 51 (Johannesburg) rise 
Apply command modulation (DSS 41 ) 
Transmit DC-V25 
DSS 62 (Cebreros) rise 
Transmit bockup DC-V25 (if required) 
Command modulation of f  (DSS 41 ) 
Nominal two-way station transfer 

Apply command modulation (DSS 62) 
Bockup DSS 42 (Tidbinbilla) set 
MT-7 observed (register 2 event) 
Command modulation o f f  (DSS 62) 
Transmitter off (DSS 62); stort AUX OSC tes' 
DSS 41 set 
Transmitter on (DSS 62); end AUX OSC test 
FPAC exciter evaluotion 
Apply command modulation (DSS 62) 
Transmit DC-V9 
Stanford rise 
DSS 12 (Echo) rise 
Transmit DC-V24 
DSS 14 (Mars 210-ft antenna) rise 
Backup DSS 1 1  (Pioneer) rise 

Command modulation of f  (DSS 62) 
Nominal two-way station transfer 

(DSS 62 to DSS 14) 
Apply command modulation (DSS 14) 
Apply ronging modulation 
Backup DSS 51 set 
Latest trajectory data (E - 4 h) 
Ranging modulation off 
Transmit DC-V1 6 
Apply ranging modulation 
Latest trajectory data (E - 2 h) 
DSS 62 set 
Ranging modulation o f f  
Planet sensor output observed; begin 

track 1 recording 
Verify ronging modulation o f f  

(DSS 41 to DSS 62) 

MT-8 

Predicted time 
(earth-observed), 

GMT 

291 :18:06:14 
292:01:48:00 

02:00:00 
02:49:00 
02:50:1 1 
03:14:00 
03:39:00 
03:49:00 

04:14:00 
04:26:00 
04:44:39 
04:49:00 
04:50:00 
05:34:37 
05:49:00 
06:lO:OO 
06:lB:OO 
08:50:00 
10:43:35 
10:43:53 
10:50:00 
10:51:15 
1 1 :09:04 
1 1 :24:4 1 
1 1 :30:00 
1 1 :47:00 

12:17:00 
12:44:00 
12:50:25 
13:30:00 
14:20:00 
14:30:54 
14:50:00 
15:39:00 
15:39:00 
16:30:00 
16:30:59 

16:39:00 

Event 

Transmit DC-V9 
Command modulotion off (DSS 41 
Transmitter of f  (DSS 14) 
Start track 2 data (clock B) 
Verify one-way RF signal 
Enter occultation 
Encounter [Venus closest approach) 
Terminator sensor output 
DAS clock A APAC command 
Center of occultation 
Transmitter on at closest approach + 17 mir 
24 s (DSS 12)' 
Exit occultotion 
Bockup DSS 42 rise 
DSS 41 rise 
Nominal two-way station transfer 

Stop track 2 data (clock B) 
EOT 
Apply commund modulation (DSS 14) 
Data encoder to mode 2 (clock 8) 
Transmit DC-V9 
Ronging modulation on 
Ranging modulation off 
Command modulation off 
Transmitter of f  (DSS 14); start postencounter 

DSS 14 set 
DSS 12 set 
Backup DSS 11  set 
Transmitter on (DSS 41 ); end AUX OSC test 
AUX OSC test evaluation from FPAC 
Stonford set 
Backup DSS 51 rise 
DSS 62 rise 
Nominal two-way station transfer 

Backup DSS 42 set 
DSS41 set 
Apply command modulation (DSS 62) 
MT-9 observed 

(DSS 12 to DSS 14) 

AUX OSC test 

(DSS 41 to DSS 62) 

Predicted time 
(earth-observed). 

GMT 

292:16:40:00 
16:41:30 
16:42:00 
16:44:29 
16:51:00 
17:36:14 
17:38:49 
17:46:06 
17:48:08 
17:48:50 
1 7 6 1  :44 

17:53:47 
1 8:02:16 
18:05:00 
1 8:17:00 

18:31:59 
18:37:59 
18:41:00 
18:45:25 
19:lO:OO 
19:29:00 
21 :48:00 
2 1 :49:00 
2 1 :50:00 

22:3 8: 1 4 
22:45:28 
22:45:39 
22:50:00 
23:lO:OO 
23:38:13 

293:01:47:02 
02:50:43 
04:17:00 

04:26:19 
05:35:00 
06:OO:OO 
07:24:48 

BGround transmitter VCO set for X, of closest approach +I370 I (see Fig. V-14). 
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Fig. V-14. Expected doppler shift at encounter 

3. Operational considerations. The planning for the 
encounter phase also considered the ground-transmitter 
operational characteristics to be established for prime 
designation, configuration, usage, and transmission fre- 
quency and procedures. 

a. DSIF transmitter frequency. At the beginning of 
the encounter phase, the DSIF transmitter VCO fre- 
quencies would be so chosen that one frequency would 
be satisfactory for an extended period. In the spacecraft, 
the static phase error (SPE) would not be maintained 
at a zero offset. Procedurally, a transmitter VCO fre- 
quency would be initially chosen so that the spacecraft 
SPE telemetry channel would indicate a positive error 
of approximately 30 Hz. In time, the SPE would decrease, 
and eventually would assume a negative value. The cor- 
rect setting for the DSIF transmitter VCO frequency 
would be available from the tracking data analyst. 

Studies indicated that the doppler shifts at closest 
approach would be quite large, and could not be accom- 
modated without adjusting SPE. The tracking site during 
this time would be Goldstone. The predicted doppler- 
shift effects are shown in Fig. V-14. 

The solid curve in Fig. V-14 is the ground-transmitter 
VCO frequency required to give a continuous best-lock 
frequency at Mariner V as the spacecraft was accel- 
erated, then decelerated, by the planet. A zero SPE 
would be maintained only if the ground-transmitter 
VCO frequency was continuously updated to fit this 
curve. This operation was not desirable because of the 

possibility of dropping uplink lock. Instead, it was ree- 
ommended that the SPE be updated at four discrete 
times, as shown on the figure. 

It should be noted that three of the recommended 
SPE updates occur just before sending a ground com- 
mand, This assured solid radio-lock conditions for the 
command periods. 

b. Ground-command transmission procedures. The 
practice of normalizing the ground-command subsystem 
frequency (8 f 8 )  after locking up the command loop 
would not be used at encounter. (As used here, “nor- 
malizing” refers to adjusting the ground-command fre- 
quency to the setting that would drive the spacecraft 
command subsystem to its preferred best-lock operating 
frequency.) Instead, the ground-command frequency 
would be chosen to provide an offset from the normalized 
frequency. The intent was to maximize the probability 
of regaining command lock in minimum time if a tran- 
sient from the ground transmitter should cause a loss 
of lock. It was judged that the ability of the spacecraft 
successfully to receive commands was insignificantly 
affected by this practice. 

c. Use of Goldstone stations during encounter. The 
20-kW transmitter at DSS 14 would be the prime trans- 
mitter up to enter-occultation time. The 10-kW trans- 
mitter at DSS 12 would serve as the backup transmitter. 
The 10-kW transmitter at DSS 11 would also be available 
in case of an emergency. Following exit occultation, 
DSS 12 would become the prime transmitting station 
after going two-way at E+1370 s. A two-way station 
transfer at 18:17:00 GMT would establish DSS 14 as 
prime once again for the remainder of the pass. 

The ground-receiver configuration used during the 
Goldstone encounter pass is illustrated in Fig. V-15. 
Three ground telemetry subsystems and two TCPs would 
be available, The TCP at DSS 12 could receive input 
from either of the two interchangeable ground telem- 
etry subsystems located at that station. The data from 
DSS 14 would be routed to DSS 12, making two data 
sources available for the DSS 12 ground telemetry sub- 
system. DSS 12 would be the prime station for processing 
spacecraft telemetry because of its redundant hardware 
and data source. DSS 11 would serve as the backup 
station. 

The prime ground receiver was located at DSS 14. This 
station used a 210-ft antenna, giving it a 9- to 10-dBmW 
advantage over the other Goldstone stations, which use 
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Fig. V-15. Receiver configuration during Goldstone encounter pass 

85-ft antennas. In addition, DSS 14 had the capability 
to supply station AGC over the HSDL. This feature could 
be extremely useful if the spacecraft started rolling 
unexpectedly. DSS 14 could be used with or without 
the diplexer in the “listen only” mode. Eliminating the 
diplexer would decrease the received signal loss by 
approximately 1.4 dBmW. The time required to switch 
from the “listen only” mode to the diplexer mode would 
be done electrically, and would take only a fraction of 
a second. This switch sometimes caused the ground 
telemetry subsystem demodulator to drop lock for a 
short time. 

4. Contingency plans. One of the primary aims of 
SPAC and VEPWG was to determine nonstandard events 
that might arise during the encounter phase. The associ- 
ated ground action required to remedy an anomalous 
situation could then be formulated well in advance. The 
response time to such a condition would then be reduced 
to the time required to perform the recommended action. 

Valuable time would not be wasted in real-time analysis 
of an unexpected event. A list of nonstandard events 
and the recommended responses to them is given in 
Table V-16. A portion of the encounter decision diagram 
developed by SPAC is shown in Fig. V-16. A discussion 
is included herein for anomalies not mentioned earlier. 

a. Early PSO. The planet sensor could give an early 
output under any of the following conditions: A com- 
ponent failure in the sensor, a particle in the FOV of 
the sensor, or reflected or direct light into the sensor 
during a loss of spacecraft attitude. 

The primary purpose of the PSO was to provide the 
spacecraft with an automatic means of initiating the DAS 
encounter sequence. This function would have no effect 
upon the spacecraft unless preceded by an MT-8 or an 
odd number of DC-V24 commands. In the recommended 
encounter plan, DC-V24 would preempt MT-8.’ The 
region for an early PSO, therefore, was limited to the 
region between DC-V24 and the desired PSO time. 
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Table V-16. Emergency action summary 

Single failure or problem 

Tape recorder remains of f  
when DC-V25 i s  transmitted 

Terminator sensor not ener- 
gized when DC-V25 i s  

transmitted. 

Data encoder does not switch 
to data mode 3 when 
DC-V24 i s  transmitted. 

Planet sensor not energized 
when DC-V24 is  
transmitted. 

Clock B not enabled when 
DC-V24 i s  transmitied. 

Plasma probe does not switch 
to mode 3 format 

DC-VI 6 acknowledgment 

Frame count set to wrong 
number when DC-VI 6 i s  

transmitted 

PSO does not occur 

UV-photometer calibration 
not inhibited a t  PSO 

Tape recorder does not 
switch i o  record mode at 
PSO 

No track 1 data indication 
at PSO 

No track 2 data indication 

Plasma probe remains in 
mode 3 following 
encounter 

Indication 

Power telemetry channels 
203,205, and 227 

Telemetry channel 306 

Telemetry remains in data 
mode 2 format 

DAS status bit 291 

DAS status bit 17 

DAS status bit 31 5 plasma 
probe data 

DAS status bits 18 and 281 
and science frame count 

Frame count in telemetry 

Clock B frame count and 
DAS stotus bit 19 

DAS status bit 401, UV- 
photometer real-time 
data 

DAS status bit 26 

DAS status bit 3 13 

DAS status bit 314 

Plasma probe data format 

Action 

Send DC-V25 again. If no response, send DC-V28 followed by DC-V25. I f  that does 
not work, wait for MT-7. I f  still no response, data storage capability i s  lost. 

Send DC-V25 agoin. I f  still no action, wait for MT-7. If no response, depend solely on 
clock A for APAC command during occultotion. A late backup would be DC-V22. 

Send DC-V24 twice. I f  no response, wait for MT-8. If st i l l  no action, use data mode 2 
for encounter. 

Wait for MT-8. If st i l l  no response, then either clock B will noi be available for control- 
ling record sequence or status bit is  wrong. Clock A would control encounter sequence 
i f  clock B is not available. 

Same as above. 

Wait for MT-8. By this time, plasma-probe data can be used to determine validity of 
status bit. If no response follows MT-8, encounter with plasma probe in mode 2. 

If both status bits remain unchanged, and frame count does not reset to zero, assume that 
command was not received. Reverify command-lock conditions, and tmnsmit another 
DC-VI 6. If st i l l  no response, assume that clock A i s  not available for controlling 
record sequence and issuing APAC backup. If frame count is  reset to zero, assume 
status bit or bits to be in error. Take no further action. 

Inhibit clock A by sending DC-VI 6 (especially i f  APAC will occur early.). If frame 
count resets properly with DC-VI 6, use of clock A could be reconsidered. 

No action possible; recotd sequence becomes dependent on clock A. 

Take no action. Lose every eighth word of UV-photometer data. 

Wait for clock A backup command. If status bit still does not change, either status 
bit is not working or record mode i s  lost. 

Wait for clock A backup. If problem i s  not corrected, record capability i s  lost or 
status bit i s  in error. 

Same as above. 

Take no action. A DAS power-on reset would only reissue PP mode 3 command 
because MT-8 is in effect. 
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Before the command was sent, DC-V24 PSO would have 
no effect. After the desired PSO time, PSO would be late, 
and so would fall into a different category. The early 
PSO region was about 6 h in duration. 

The specific functions initiated by the DAS upon 
receipt of PSO are described below. 

Start clock B. This function starts clock B counting 
in such a way that the count is incremented once every 
50.4 s. The clock issues encounter commands at fixed 
known intervals. The first command, which starts the 
recording of DFR data on track 2, would occur at 
PSO + 13.44 min. Knowing that the two-way light time 
is approximately 9 min, it is doubtful that ground action 
could be initiated in time to stop this command if PSO 
were early. The next clock B command comes at PSO + 
121 min. There would be sufficient time to initiate ground 
action before this command was transmitted. 

Start tape. The “start tape” command is issued every 
50.4 s to assure that the tape recorder is switched from 
the standby mode to the record mode. This function is 
issued independently of clock B starting, and is dis- 
continued by clock B at PSO + 121 min or by clock A 
at frame 288. 

Track 1 data sync. The DAS begins serially shifting 
track 1 data and bit sync, at 66% bits/s, to the tape 
recorder. This function is not controlled by clock B. 

Inhibit W-photometer calibrate. The DAS inhibits 
the UV photometer from entering its calibrate mode. 
This function is independent of clock B starting. 

The above functions indicate that an early PSO would 
initiate a premature data-storage sequence controlled 
by clock B. The science data recorded on both tracks of 
the tape recorder could be of low value compared to 
the desired data, depending upon how early PSO 
arrived. Ambiguity could be introduced into the UV- 
photometer data based upon the calibrate mode of the 
instrument being inhibited earlier than planned. 

clock B would count out to the end of its sequence, then 
issue a “stop clock B command and an “inhibit clock A 
decodes” command. These commands would prevent 
further DAS clock control of the encounter sequence 
unless a DAS “power-on-reset” command was executed. 

The second mode would remove the effects of PSO 
completely by resetting the DAS encounter logic to the 
cruise state with a “power-on-reset’’ command. This 
would be accomplished by turning the science power 
off and then back on with a DC-V26 followed by a 
DC-V25. The desired encounter sequence would then 
be controlled by clock A. 

The third mode would disable clock B with DC-Va, 
and let the tape recorder run. A partial removal of PSO 
would be in effect, as “start tape” commands would con- 
tinue to be issued, the UV-photometer calibrate mode 
would remain inhibited, and the tape would be recording 
track 1 data. Clock A would then become the controlling 
clock for stopping the record sequence and returning the 
spacecraft to its cruise state after encounter. 

A disadvantage of the first approach is that the tape 
recorder might not have come back on. In the second 
approach, a power transient at turn-on might cause a 
failure in the DAS power converter or in the encounter 
logic section. No flight data were available for resetting 
the DAS logic after operating in a space environment 
for over 4 mo. 

Another disadvantage would be that clock B becomes 
permanently disabled because its sole starting means, 
PSO, had occurred. The remaining encounter sequence 
becomes completely dependent upon clock A, which is 
started by a critically timed DC-V16 command. The 
second method would not work if the failed state gave 
PSO continuously and MT-8 had occurred. 

The third approach seemed to be the most reasonable 
in that it eliminated the risks, however small or large, 
associated with the first two modes. A minimum amount 
of spacecraft electronics would be disturbed with this 
approach. Also, a minimum number of ground commands 
would be required. 

The following reaction modes were considered as Two of the guidelines used to estabIish the tape length 
required for the encounter data-storage period were : 
(1) UV-photometer data were to be recorded from E-45 
to E+45 min, and (2) DFR data were to be recorded 
from 10 min before Mariner V entered occultation until 
10 min after the spacecraft exited from occultation,, The 
UV-photometer data would be recorded on track 1; DFR 
data would appear on both tracks. 

responses to an early PSO: 

The first mode would turn the tape recorder off with 
DC-V28, then back on at the desired time with DC-V25. 
The “start tape” commands from PSO would still be 
occurring, which would cause the tape to start running. 
Clock B would be inhibited by DC-V24. Otherwise, 
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Fig. V-17. Data storage relative to encounter 

The record period covered on each data track, relative 
to encounter for a nominal PSO, is shown as Case 1 in 
Fig. V-17. The shaded portions show the desired record 
intervals of DFR and UV-photometer data. A 0-atm 
model of Venus was assumed for the DFR interval. The 
track 1 and track 2 record intervals easily capture the 
desired data for a nominal PSO. For an early PSO, 
the outer track 1 and track 2 rectangles shift to the left 
with reference to the stationary shaded areas. That is, 
the recording sequence begins and ends earlier with 
respect to encounter. Desired UV-photometer data are 
lost for a PSO occurring earlier than 14.6 min from 
nominal. 

The record intervals for PSO early by exactly 14.6 
min are shown as Case 2 in Fig. V-17. The end of the 
track 1 record interval is coincident with the edge of 
the desired UV-photometer data period. The inference is 
that a satisfactory record sequence can be obtained as 
long as PSO comes no earlier than 14.6 min. 

The recommended action for an early PSO was two- 
fold. If PSO was early by 14.6 min or less, no action 
would be required. An acceptable clock B record 
sequence was achievable, as discussed above. 

For a PSO early by more than 14.6 min, the recom- 
mended action would be to send a DC-V24 before clock B 
reached frame 144. Clock B would then be disabled 
before it removed the “start tape” command. Also, clock B 

would be prevented from disabling itself at frame 160 
and inhibiting further clock A outputs. The remaining 
DAS encounter commands would be issued by clock A. 
The tape would stop recording when it reached the EOT 
foil 127 min after PSO. The EOT logic would then be 
overridden by the PSO-triggered start tape function 
being issued every frame, and the tape would restart. This 
restart condition would prevail until E $63.4 min, when 
clock A would inhibit further “start tape” commands. 
The record sequence would then be terminated by either 
the EOT foil or the clock A “stop tape” command (which- 
ever came first after E+63,4 min. The time relationships 
of the clock A outputs and the PSO-initiated “start tape” 
commands are shown in Fig. V-18 for a PSO early 
by 5 h. 

The total number of tape passes to be expected if 
the tape recorder continued to run following an early 
PSO is plotted in Fig. V-19. The effective period of an 
early PSO starts at DC-V24, which occurs approximately 
5.7 h before nominal PSO. This corresponds to the verti- 
cal line on the right side of the figure. The nominal 
PSO time is E-68 min, and is the zero reference point 
on the abscissa. The first tape pass, determined by the 
EOT foil position at the end of the launch phase, would 
be 127 min. Each pass thereafter would be 134 min. As 
an example, if PSO occurs 3 h early, the number of tape 
passes read from the figure is about 2.5. This means that 
the tape would stop at the desired encounter time mid- 
way in the third pass. The total time that the tape 
recorder remained in the record mode would be 328 
min (127 + 134 + 0.5 X 134). 

In the “no action” region of Fig. V-19, clock B is allowed 
to continue controlling the record sequence just as if 
PSO were nominal. The EOT sensor would stop the tape 
after completing one pass. In  the “send DC-V24” region, 
the tape would continually recycle until stopped by 
clock A or by an EOT. The interval of constant slope 
corresponds to those cases of early PSO for which the 
tape is stopped by clock A. The flat portions of the curve 
represent cases of early PSO for which the EOT sensor 
stops the tape. The latter condition exists when an EOT 
occurs between the stop “start tape” and the “stop tape” 
commands issued by clock A. This interval, which is 
from E+63.4 to Ef76.9 min, is shown in Fig. V-18. 

b. Enigmatic loss of radio signal during encounter. A 
sudden loss of the RF downlink signal would probably 
be caused by either a radio subsystem failure or a loss, 
of spacecraft attitude. Losing sun-Canopus orientation 
could occur from an AC subsystem failure or from an 

JPL TECHNICAL REPORT 32- 1203 203 



CLOCK STOP "START 
TAPEl'COMMANDS 

EARLY PSO 

c 
I 
1 

LL EC76.9 
E+63.4 

LE t56.7 

M T - 8  DC-VI6 NOMINAL PSO 

0 - I  -2 -3 -4 -5 -6 

PSO TIME RELATIVE TO NOMINAL, h 

Fig. V-19. Number of tape passes  for early 
planet sensor output 

externaI phenomenon (dust particle, meteorite, etc.). The 
probability was very small that both the radio and AC 

204 

subsystems would experience a failure at the same time. 
During encounter planning, all engineering subsystems 
had operated successfully for over 2000 h. 

A procedure was developed to guide SPAC reaction 
in case of an unexpected loss of downlink signal. The 
procedure presented several alternate routes to follow 
because the problem could be induced by either space- 
craft radio or spacecraft attitude. The mode of action 
to be selected would be based upon information conveyed 
by the SAGC signal and/or the telemetry available up 
to the time of the anomaly. If the spacecraft were in 
data mode 3, little (if any) information would be pro- 
vided by the telemetry. A failed radio amplifier, exciter, 
or power supply would tend to cause immediate loss of 
RF. In this case, the information available for pinpoint- 
ing the problem would be very scant unless a period of 
degradation, observable in the data, occurred beforehand. 

More information would be available in a case of the 
spacecraft rolling far enough in the high-gain antenna 
pattern to drop the strength of the downhk signal below 
receiver RF threshold at the tracking station. The time 
to roll to this threshold position can be calculated if the 
spacecraft angular acceleration in roll and the appropriate 
high-gain antenna information are known. For a torque 
developed by continuous-roll jet firing, the maximum 
acceleration would be about 0.5 mrad/s2. Downlink 
threshold would be exceeded if the spacecraft rolled 
more than 6.0 deg ccw or 12.0 deg cw. Using classical 
physics, it would take 20 s to roll 6.0 deg. During this 
period, SAGC would drop in a known pattern. Changes 
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in certain high-deck telemetry channels, such as Canopus 
intensity (CH 108) and roll position (CH 114), would 
exist if the spacecraft were in data mode 2 and the 
telemetry were sampled at the right time. Verification 
that the spacecraft had rolled into the downlink blackout 
area because of an attitude-induced problem would then 
be possible. 

The criterion chosen for SPAC was to assume that a 
radio problem existed if SAGC fell below threshold in 
less than 8 s. Otherwise, the problem was assumed to 
be AC-related. 

The radio-induced problem could not be uniquely 
defined from the SAGC signal. The problem could only 
be categorized as such by an abrupt drop below 
threshold. It remained to establish the radio subassembly 
that had failed and whether the failure was an open- or 
short-circuit condition. 

If the SAGC signal dropped off in less than 8 s, and 
either the communciations converter input current (CH 
204) or the 2.4-kHz output current (CH 227) changed, 
it was assumed that the radio power amplifier was not 
driving the spacecraft transmitter. The required action 
was to transmit DC-V7, which would switch the cavity 
amplifier on line. If the traveling-wave tube had failed, 
this procedure would correct the problem; the R F  signal 
would then reappear after two-way light time following 
the transmission of DC-V7. 

If telemetry channels 204 and 227 held constant or 
were not available in the above condition, the procedure 
would then become more complex. A DC-V8, a DC-V7, 
a DC-V8, and a DC-V7 would be sent, in that order, 
with each DC-V7 being sent 2 rnin after the previous 
DC-V8. The second DC-V8 would be sent 5 min after the 
first DC-V7. The total command sequence, starting with 
the first DC-V8, would take 9 min. If the radio exciter 
had failed, the first DC-V8 would switch the backup ex- 
citer on line in place of the failed unit. After two-way 
light time, the RF signal would reappear for 7 min until 
the second DC-V8 placed the failed exciter back on line. 
If the failure was in the power amplifier (traveling-wave 
tube), the first DC-V7 would switch to the cavity ampli- 
fier, and the RF signal would appear for 7 min until the 
failed unit was switched back on line by the second 
DC-V7. Upon completion of this command sequence, the 
spacecraft would be back in its original failed state, and 
SPAC would know whether the problem was induced 
by a failed exciter or power amplifier. Another DC-V7 
or DC-V8 would then be sent to correct the problem. 

If the problem was not corrected after the above 
sequence had been performed, it would then be assumed 
that the command subsystem had dropped lock and re- 
acquired on an RF sideband. The procedure was then 
to drop command modulation, wait 1 min and tune the 
ground transmitter to the best-lock frequency. After tun- 
ing had been completed, the procedure was to reapply 
command modulation, and wait 12 min for command to 
lock up in the blind. The DC-V8, DC-V7, DC-V8, and 
DC-V7 sequence was then again repeated. 

If SAGC decreased steadily for more than 8 s and RF 
threshold had not been reached, it was assumed that an 
AC problem existed. A very slowly dropping signal (on 
the order of 4-5 d e g h  maximum) would be characteristic 
of a Canopus-sensor failure resulting in a zero-roll error 
signal. In the DC-V15 mode, the spacecraft, assuming 
that it was perfectly balanced, would continue to move 
at the limit-cycle roll rate existing at the time of the 
failure. The SPAC response would be to send a DC-V18, 
which would place the spacecraft in the inertial roll- 
control mode, and stop the roll. Downlink capability 
would be reacquired or maintained if the DC-V18 was 
followed by additional DC-V18 or DC-V21 commands, 
as needed, to point the high-gain antenna back at earth. 

If the Canopus sensor were tracking a dust particle, 
the spacecraft could move 6 deg max in 20 s. If this motion 
were in the ccw direction, earth would appear to move 
out of the high-gain antenna pattern far enough to lose 
downlink lock. Also, command lock would probably be 
lost because of the interferometer effect upon the uplink 
during the roll. The uplink signal strength required for 
reliable command lock was - 140 dBmW. Using the 85-ft 
antenna at 10 kW would give about - 141 dBmW (exclud- 
ing any interferometer effects). Thus, the 210-ft antenna 
at 10 kW would be required to send commands; the 
objects acquirable by the Canopus sensor would be earth 
at 101 deg clock and Venus at 85-185 deg clock. The 
corrective action to be taken would be to relock the 
command loop, wait 12 min for command to lock up, and 
send DC-V19 to remove DC-V15, allowing the space- 
craft to go into roll search. 

After two-way time plus 17 min (time to roll from earth 
to Canopus) had elapsed, the procedure would be to 
send DC-V2 if the spacecraft were in data mode 3 or 4 
and if the signal did not appear. This would provide 
engineering information to speed up Canopus acquisition 
if the signal appeared following the next step, which 
would be to send DC-V12. This command would switch 
the spacecraft to transmit via the low-gain antenna, which 
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would provide threshold telemetry capability if the 210-ft 
antenna were receiving and the digital demodulation 
technique were being used. A DC-V21 command would 
then be transmitted to override the Canopus-acquisition 
logic if an object other than Canopus were acquired. 
If telemetry became available, a sequence generated by 
the AC personnel to point the high-gain antenna at earth 
would then be followed. A DC-V10 command would be 
used to return the spacecraft to the proper mode to trans- 
mit via the high-gain antenna following Canopus acquisi- 
tion. The spacecraft would be returned to data mode 3 by 
the transmission of DC-V24. A second DC-V24 command 
would be necessary to reestablish the DAS clock B enable 
logic. Otherwise, clock B would not start counting at 
the time of PSO. 

H. Postencounter Planning 

1. Description. Planning for the postencounter phase 
of the Mariner Venus 67 mission consisted of determining, 
evaluating, and selecting activities that would enhance the 
return of scientific and engineering data from Mariner V 
before the communications threshold with the spacecraft 
was reached. The activities under consideration were 
those needed to calibrate instruments, prolong communi- 
cations with the spacecraft during 1967, enhance the 
possibility of reacquisition of the spacecraft in 1968, and 
gain further knowledge concerning the behavior of 
Mariner V in the space environment for a prolonged period. 

The basic ground rules used to make decisions relative 
to the postencounter activities were that the accepted 
activity had to perform one of the following: (1) Enhance 
data already received, (2) enable the spacecraft to return 
a maximum amount of deep-space data during 1967, or 
(3) enhance the possibility of reacquiring the spacecraft 
in late 1968. Special spacecraft tests that did not jeop- 
ardize the successful achievement of the above objectives 
were also permissible. The final decisions as to the activ- 
ities that were to be conducted rested with the project 
manager. 

2. Operations. OperationaI aspects of the postencounter 
phase are described in the paragraphs that follow. 

a. W-photometer bit-rate change. Accepting the 
ground rule that any operation performed on the space- 
craft should enhance the understanding of existing data, 
the switch of data rates to aid in UV-photometer calibra- 
tion was proposed. Upon transmission of MT-6 Mariner V 
switched from the 33% to the 8% bits/s data rate. After the 
bit-rate switch, it was observed that the UV-photometer 

tube C had a substantial increase in data number (DN). 
The data-rate-change test was designed to confirm whether 
or not the increase in DN was an instrument-oriented 
phenomenon. This test would also afford cognizant per- 
sonnel a second opportunity to observe the DN-increase 
phenomenon, and to compare the actual DN increase with 
the predicted values. 

In making the decision to execute the data-rate change, 
the advantages and risks of transmitting the proposed 
commands had to be evaluated. The risk involved was 
a very remote possibility that the spacecraft would not 
switch back to the 8% bits/s rate after operating at 33% 
bits/s. If Mariner V could not be returned to the 8% bits/s 
data rate, the spacecraft telemetry threshold would occur 
approximately 2 wk sooner than expected for the low bit 
rate. If the test were successful, a more thorough under- 
standing of the UV photometer would be obtained, thus 
permitting a more meaningful interpretation of the data. 
Because the risk to the spacecraft would be relatively 
small, project approval was given to transmit two DC-V.5 
(command switch data rates) commands. Both commands, 
the first to switch the spacecraft data rate to 33% bits/s 
and the second to return the spacecraft to the 8% bits/s 
data rate, were transmitted on October 25,1967 (day 298). 

b. Second set of three spacecraft rolls conducted to 
enhance understanding of W-photometer data. Planning 
for a second set of three Mariner V spacecraft rolls was 
predicated upon results obtained from the first set of three 
spacecraft rolls conducted immediately after the mid- 
course maneuver on days 170 and 171, 1967. The first set 
of spacecraft rolls was to be conducted to verify and 
corroborate the unexpectedly high data obtained from the 
UV photometer during the magnetometer-roll calibration 
(after spacecraft-Agenu separation). The magnetometer- 
roll calibration was to be conducted in the extended 
upper atmosphere of the earth, whereas the first set of 
spacecraft rolls was conducted outside of the external 
influence of the earth. Because of an unexplainable shift 
in the average DN reading of the UV photometer during 
the midcourse maneuver, it was not possible to correlate 
the data obtained from the magnetometer-roll calibration 
with data from the first set of rolls conducted immedi- 
ately after the midcourse maneuver. 

Upon request from the principal UV-photometer experi- 
menter, it was decided that, as one of the postencounter 
operations, a second set of three spacecraft rolls would 
be performed to enhance understanding of the YV- 
photometer data. It was estimated that at approximately 
12:OO GMT on day 311, the spacecraft would be at 
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180 deg in celestial longitude from the position where 
the first three spacecraft rolls were performed. A space- 
craft roll maneuver at this time would allow the UV 
photometer to observe approximately the same region of 
the sky as was observed during the first spacecraft rolls. 

The second set of spacecraft rolls would have to be 
performed at a data rate of 8% bits/s because of the 
increased transmission range. To determine a scaling 
factor, and the influence that a data-rate change of 33% 
bits/s might have on the UV photometer, it was decided 
to perform a data-rate switching test just before the second 
set of spacecraft rolls, on day 298 at approximately 
16:OO GMT. 

In preparing the Mariner V tracking schedule, it was 
discovered that Surveyor tracking priority would limit 
the tracking period available to Mariner V to 6 h on 
day 311 (DSSs 62, 11, 12, and 14 tracking). Playback of 
the UV-photometer data would take place on days 312, 
313, and 314. 

To prepare the spacecraft for the roll maneuver, a 
DC-V26 command was to be transmitted to the space- 
craft to turn the science subsystem off. A DC-V2.5 com- 
mand was then to be transmitted to turn the science and 
tape-recorder subsystems on, placing the spacecraft in 
mode 3. This sequence of commands was used to initiate 
a power-on reset in the science DAS, which would be 
necessary to condition the science and tape-recorder sub- 
systems for a record sequence. A DC-V16 command was 
then to be transmitted to reset the science frame count 
and to start the science-record sequence. 

To determine the exact region of the galaxy that the 
UV photometer would be scanning during the rolls, it 
would be necessary to transmit DC-V2 and place the 
spacecraft in mode 2, allowing the spacecraft to transmit 
engineering and science data during the rolls. The engi- 
neering data would be used to determine where the space- 
craft was pointing as a function of time during the rolls. 

To receive spacecraft data continually during the rolls, 
it was necessary to command the spacecraft to transmit 
data over the low-gain antenna. To minimize the transition 
in signal strength when switching antennas, it was decided 
to transmit a DC-V21, which would start the first space- 
craft roll, and then time a DC-V12 to switch antennas 
when the signal strength of the high-gain antennas would 
be the same. This crossover time was predicted to occur 
approximately 1 min after the roll turn had started. 
Because of the difficulty in estimating the time of com- 
pletion of one spacecraft roll, two DC-V21 commands 
would be sent 6 min apart. 

The first DC-V21 would be timed to reach the space- 
craft just after the minimum predicted time of Canopus 
acquisition; the second DC-V21 would be timed to reach 
the spacecraft 6 min after the first. This second DC-V21 
time was chosen to correspond to one correlation of the 
command loop. The function of the DC-V21 was to over- 
ride the Canopus sensor, and cause the spacecraft to 
continue on into the next roll. Upon completion of the 
three rolls and Canopus acquisition, a DC-V10 was to 
be transmitted to switch the spacecraft back to trans- 
mitting on the high-gain antenna and receiving on the 
low-gain antenna. 

Because of tracking priorities, no further commands 
were to be sent to the spacecraft until the next day (312), 
at which time a DC-V4 was to be transmitted to begin 
the playback sequence. The spacecraft was to play back 
data continually through days 312 and 313; then, because 
of tracking priorities, the playback sequence would be 
terminated for an 8-h period. A DC-V4 command was 
to be transmitted to place the spacecraft in mode 2, with 
the tape positioned as before encounter, for the next 
record exercise. Two DC-V28 commands were then to 
be transmitted to turn the tape recorder and battery 
charger off. At this point, the UV-photometer roll exercise 
would be completed, and the spacecraft would be in the 
cruise mode. 

c. W-photometer MT-6 exercise. The CC&S issued 
the MT-6 command on July 24, 1967, and switched the 
spacecraft data rate from 33% to 8% bits/s. The celestial 
longitude of the spacecraft at that time was 300 deg. 
Following the data-rate change, the UV-photometer 
tube-C reading started drifting gradually from a reading 
of 36 DN; by the middle of November, the reading had 
dropped to about 24 DN. The cause of the drift was not 
clear. It could have been an actual change in the inter- 
stellar hydrogen density or a change in the sensitivity 
of the instrument at the lower data rate. After encounter, 
it was desirable to point the UV photometer at the same 
region of the sky that it had observed on July 2A. If the 
tube-C reading again indicated about 36 DN, then the 
observed phenomena would be real rather than hardware- 
induced. This information would enhance the value of 
the post-MT-6 UV-photometer data, particularly the 
encounter data. 

At 37 days after encounter (November 25, 1967), the 
spacecraft would be at a celestial longitude of 120 deg. 
At this time, the spacecraft would have traveled exactly 
180 deg in longitude, and thus would be diametrically 
opposite (in the ecliptic plane) to its MT-6 position. A 
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pure spacecraft roll at this point would allow the UV 
photometer once again to observe the point in the celestial 
hemisphere that it observed at MT-6. The outlook for 
telecommunication capability for November 25, however, 
was bleak. Mariner V would be near a null in the inter- 
ferometer pattern. The spacecraft limit cycle could move 
the antenna into the null, which would cause the com- 
mand subsystem to drop lock. Also, it appeared very likely 
that the spacecraft would roll through two nulls for a 
360-deg roll. Telemetry return via the 210-ft antenna was 
doubtful. An earlier date for performing the UV- 
photometer MT-6 exercise was necessary. 

A study of the spacecraft/ceIestial-space geometry 
showed that the desired UV-photometer exercise would 
be performed earlier by first pitching, then rolling the 
spacecraft. This capability would be available using the 
spacecraft midcourse-maneuver sequence without a motor 
burn. The proper date on which to perform the exercise 
became earlier for increasingly negative pitch angles. 

A constraint of 2 2 0  deg was placed on the allowable 
spacecraft pitch angle. As the spacecraft was pitched off 
the sunline, normally shaded surfaces and ancillary 
equipment became exposed to the sun. Items of particular 
concern for pitch angles greater than 15 deg were the 
magnetometer, the louver assemblies, and the trapped- 
radiation detector. For certain roll attitudes, the mag- 
netometer would become sunlit, and could exceed its 
upper temperature limit of 149°F. The louver assemblies 
would be exposed to untested solar-intensity levels, with 
possibly detrimental results. The trapped-radiation de- 
tector X-ray tube would approach its upper temperature 
limit of 122°F if bay 4 remained sunlit for any length 
of time. 

The date selected by SPAC for performing the UV- 
photometer MT-6 exercise was November 19, 1967. 
Telemetry capability, during the playback period of the 
recorded UV-photometer data on track 1, would be good 
to marginal. The turns required would be a -17.2-deg 
pitch and a +173.2-deg roll. For this maneuver, the UV- 
photometer tube C would be pointed at its MT-6 position 
from the other side of the sun. At the nominal turn rate 
of 0.18 deg/s, the pitch turn would take 1.5 min and the 
roll turn about 15.5 min. This particular “aimed position 
could be inertially held for 12.5 min. During this interval 
the UV-photometer data could be stored by the tape 
recorder as the spacecraft limit-cycled the instrument in 
the region of interest. 

The procedure requested by the UV-photometer person- 
nel was to roll the spacecraft so that the UV-photometer 

tube C would view the region of interest by sweeping 
through it once rather than stopping and limit-cycling on 
the region. This plan would produce the desired infor- 
mation needed to determine the state of the instrument. 
In addition, further mapping of the celestial heavens 
would be possible as the spacecraft continued to roll past 
the MT-6 region. A study of the maneuver geometry 
showed that, for a maximum spacecraft roll, the UV 
photometer would also sweep through the Milky Way 
(near the Crux constellation) in a southerly direction. 
During sun-Canopus reacquisition, which followed the 
maneuver, the UV photometer would again sweep through 
the Milky Way in a northerly direction and on a different 
trace. A maximum roll following the -17.2-deg pitch 
turn was desired. 

The maximum roll duration available in the CC&S 
maneuver sequence was normally 22 min. However, if a 
rocket-motor burn was not required, the roll period could 
be extended to 28 min. That is, the spacecraft could roll 
from M+82 to M+110 min. At M+110 min, the roll- 
turn relay in 5A6 would be reset, inhibiting further 
torquing current to the roll gyro. The maximum roll angle 
would be 314 deg for the predicted roll-turn rate of 
0.1866 deg/s. The QC-Vl-2 command recommended for 
the exercise was for a 30-min roll, assuring that the 
spacecraft would roll for the maximum 28 min. The roll 
would be terminated by the CC&S M+110 command 
rather than by the normal roll-register-overflow signal. 

The UV-photometer MT-6 exercise would require an 
encounter sequence to record the UV-photometer data 
plus a maneuver sequence to pitch and roll. The sup- 
porting command sequence recommended by SPAC is 
given in Table V-17. The appropriate quantitative com- 
mands would be sent to establish the CC&S pitch and 
roll registers. A DC-V14 command would be required to 
remove the maneuver inhibit in effect. A DAS power-on- 
reset command would then reset the DAS encounter logic 
to the cruise state. The DAS was the sole command source 
for starting the tape recorder. The “start-tape” command 
would be available from either clock A or PSO at en- 
counter. Following encounter and a power-on-reset 
command, the DC-V14 command was available only 
from clock A (clock B needed PSO, and PSO needed a 
light stimulus). The DC-V26/DC-V25 combination would 
establish a power-on-reset mode. The DC-V26 command 
turned science power off, and DC-V25 turned it back on; 
also, DC-V25 turned the tape-recorder power on. Since 
MT-8 was set and would remain set for the remainder 
of the mission, the DAS would issue a switch-to-mode 3 
command whenever the DAS power was turned on by 
DC-V25. 
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Table V-17. Proposed sequence for UV-photometer MT-6 exercise 

Command 

QC-V1-1 
QC-VI -2 
DC-V14 
DC-V26 
DC-V25 

DC-VI 6’ 
DC-V2 

DC-V27’ 
DC-V29 

DC-V2 
DC-VI 2 

Clock A 
M-4 
M-4 reset 
Clock A 

.-. 
aTime-;ritical command. 

Transmit 
time, 
GMT 

13:OO:OO 

13:05:00 
13:25:00 
13:30:00 
13:35:00 

13:51:00 
14:06:00 
14:25:00 
14:53:00 

15:05:00 
15:51:00 
- 
- 
- 
- 

Verify 
time, Event 

13:13:30 
13:18:30 
13:38:30 
13:43:30 
13:48:30 

14:04:30 
14:19:30 
14:38:00 
15:06:30 

15:18:30 
16:04:30 

16.05:30 
16:06:30 
16:08:03 
16:18:06 

lood roll turn 
Load pitch turn 

Remove DC-VI 3 
Science off 
Science and tape recorder 

F/C = 0, enable clock A 

Data mode 2 
Arm first burn 
Start maneuver sequence, 

on, data mode 3 

data mode 1 

Data mode 2 
Transmit low-receive low 
Begin track 1 recording 
Start pitch turn 
Stop pitch turn 
Begin track 2 recording 

Command 

M-5 
M-6 inhibited 
M-7 
M-1, 2, 3, 5 reset 

Sun gafe 
Roll seorch complete 
Clock A 
End of tape 
Clock A 
DC-VI 0 
DC-V13 

DC-V26 
DC-V2 
QC-VI -1 
QC-V1-2 
QC-V1-3 

Transmit 
time, 
GMT 

- 
- 
- 
- 

- 
- 
- 
- 
- 

18:05:00 
1 8:lO:OO 

18:20:00 
18:25:00 
18:45:00 
18:50:00 
18:55:00 

Verify 

iime, Event 
GMT 

16:28:30 Start roll turn 
16:50:30 Start burn (inhibited) 
16:50:31 Stop burn 
16:56:30 Stop roll/start sun 

16:59:30 Start Canopus search 
17:41:30 Acquire Canopus 
18:05:36 End track 2 recording 
18:12:30 End track 1 recording 
18:18:12 End encounter sequence 
18:18:30 Transmit high-receive low 
18:23:30 Apply maneuver inhjbit 
1 8:25:30 Maneuver counter overflov 
18:33:30 Science off 
18:38:30 Science on, override off 
18:58:30 load minimum pitch 
19:03:30 Load minimum roll 
19:08:30 load minimum burn 

reacquisition 

The data encoder would respond to this command, and 
switch to data mode 3. Clock A began counting out its 
encounter commands upon receipt of DC-V16. The 
DC-V16 command would be so timed that the clock A 
“start-tape’’ command occurred 1 min before the pitch 
turn start. This timing would allow the tape recorder to 
record UV-photometer data throughout both the pitch- 
roll maneuver and the sun-Canopus reacquisition period. 
EOT would occur at Mf186 min, and the clock A en- 
counter sequence would terminate at M + 192 min. The 
maneuver counter overflow, which terminated the maneu- 
ver sequence, would occur at MS199 min. The used 
maneuver registers were set for a maximum count-out 
duration at this time. 

A DC-V2 command would be sent following the veri- 
fication of DC-V16 to switch back to data mode 2. A 
DC-V29 command would then be sent to assure that the 
steering relay in the gyro was still in the “first-burn” 
already-used position. Under normal conditions, this relay 
would already be in the proper condition, as would the 
CC&S motor-bum-command inhibit, because pitching or 
rolling during the burn interval would have inhibited 
the CC&S motor-burn relay. The DC-V27, a critically 
timed command, would start the maneuver sequence. 
AC personnel would supply the DC-V27 transmission 
time so as to start the pitch maneuver 1 min after the 
tape recording started. Another DC-V2 would be sent to 
remove the data mode 1 state established by the CC&S 

response to DC-V27. In data mode 2, both engineering and 
science subsystems could be monitored before committing 
to the maneuver at MS60 min. Also, UV-photometer 
data would be obtained for reference before the turn 
began. Special digital demodulation equipment would be 
available in data mode 2, extending the telemetry- 
threshold capability. The digital demodulation equipment 
at the tracking stations were not to process the data 
mode 1 format. At 2 min before the pitch turn began, 
DC-VI2 would switch the radio subsystem from the 
receive-low-transmit-high to the receive-low-transmit- 
low mode. It was hoped that this antenna mode change 
would allow real-time telemetry during the exercise. 

Upon completion of the encounter and maneuver se- 
quences, a DC-V10 would be sent to return the antenna 
to its transmit-high mode. A DC-V13 command would 
inhibit further maneuvers. Minimum QC commands for 
pitch, roll, and motor bum would be sent at the end of 
the sequence to provide a safety margin in case a failure- 
induced maneuver should occur in the future. 

A special test was conducted at SAF on November 13, 
1967, in support of the UV-photometer MT-6 exercise. 
Essentially, the purpose of the test was to run through 
the proposed command sequence given in Table V-17, 
using the flight-support spacecraft (M67-1). A sim,ul- 
taneous spacecraft encounter and midcourse-maneuver 
sequence had not previously been tested. 
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An anomaly occurred during the midcourse-maneuver- 
encounter sequence test. The DAS frame count jumped 
backwards in count about 16 min after the completion of 
the pitch turn. No spacecraft functions coincided with 
this time; the tape recorder was recording both track 1 
and track 2 data, and the data encoder was in data 
mode 2 at 8% bits/s. As a result of the change in frame 
count, the clock A encounter outputs were issued 56 
frames late. 

The investigation of the anomaly that followed was 
threefold. First, the tape-recorder data were investigated 
for possible clues as to the cause of the anomaly. Second, 
the test facility monitoring equipment was examined in 
the hope of finding a facility malfunction. Third, the 
sequence was repeated twice. 

The results of the investigation were as follows: (1) all 
science and engineering tape data, with the exception of 
frame count, were normal; (2) no test facility or opera- 
tional support equipment malfunctions were noted; and 
(3) the anomaly did not recur in the repeated tests. On 
the basis of the latter result, it was concluded that the 
problem was not spacecraft-induced; therefore, the com- 
bined encounter-midcourse-maneuver sequence could be 
safely used for the UV-photometer MT-6 postencounter 
exercise. 

d.  Spacecraft receiver SPE test. The receiver SPE test 
was designed to measure the SPE of the spacecraft re- 
ceiver over a wider-than-normal operating range. This 
would be accomplished by observing how far the uplink 
carrier frequency could be varied from the best-lock 
point before the spacecraft receiver dropped uplink lock. 
The information obtained would be used to evaluate the 
operation of the spacecraft receiver phase-lock loop, in- 
cluding the phase detector and the VCO. This infor- 
mation would also be compared with similar laboratory 
data to determine whether there had been any degra- 
dation in the spacecraft receiver since launch. 

The test would be conducted at a spacecraft-received 
signal level of -128 dBmW, and would begin at the 
best-lock frequency. The station transmitter VCO would 
be varied each minute at a 4-Hz rate. At fixed-frequency 
increments (+100, &EO, t200 Hz, etc.), tuning would 
be stopped for approximately 10 min at each increment 
to obtain a stable data point. A plot of SPE vs frequency 
could then be drawn from the acquired data, and com- 
pared with the prelaunch plot. 

e.  Spacecraft receiver threshold test. This test was 
designed to measure, within the limits of the spacecraft 

telemetry system, the signal level of the receiver carrier- 
tracking threshold. In addition, data were gathered to 
plot a curve of receiver AGC vs uplink signal level. The 
information obtained was used to determine overall 
receiver performance, and to check for any significant 
degradation to the radio subsystem during the Mariner 
Venus 67 mission. 

The test was to begin by establishing two-way lock 
with the spacecraft, then adjusting the ground-transmitter 
frequency so that the doppler effect would shift the fre- 
quency to the best-lock point when threshold was reached. 
The station transmitter power was then to be reduced 
to 1 kW. With a 100-kHz signal phase-modulating the 
transmitter, the carrier was then to be suppressed in 
1-dB increments to threshold. 

A second set of threshold tests was to be conducted 
with the station transmitter by offsetting the VCO best- 
lock frequency by $50, + 100, -50, and - 100 Hz, and 
conducting the threshold test at each offset. 

f .  Command-lock threshold tests. These tests were 
designed to measure, within the ability of the telemetry 
system of the spacecraft, the command-subsystem thresh- 
old level. In addition, the tests were to evaluate both 
receiver and command subsystem performance. Any 
degradation to the receiver noise figure or the signal-to- 
noise ratio of the detected command signal would be 
discovered during these tests. 

After spacecraft receiver and command lock had been 
obtained, the station transmitter output was to be re- 
duced. By phase-modulating the transmitter with a 100- 
kHz signal, the uplink signal would be suppressed in 
1-dB increments until a point was reached where the 
command subsystem was in and out of lock for equiv- 
alent intervals. At this point, it would be marginally 
possible to send and act upon a command if the com- 
mand reached the spacecraft when the command sub- 
system was in lock. 

g. Mission termination-Phase I .  The primary purpose 
of the final exercise of the postencounter phase of the 
mission on November 21, 1967, was to prepare Mariner V 
for long-term cruise, and to optimize its condition for 
reacquisition of telemetry data in late 1968. In addition, 
a final exercise of the planetary-ranging subsystem was 
to be performed. 

The ranging exercise was to be initiated in an attempt 
to obtain final ranging information from the spacecraft 
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before the telemetry threshold was reached. A DC-V9 
(ranging receiver on/off) command was to be transmitted 
to the spacecraft to turn on the ranging channel in the 
spacecraft radio subsystem. After telemetry verified that 
the ranging channel was on, ranging modulation was to 
be applied to the uplink carrier. 

Command 

DC-V9 

DC-VI5 

DC-V10 

DC-V9 

DC-VI 2 

The first step in conditioning Mariner V for long-term 
cruise (Table V-18) was to be the transmission of a 
DC-V15 (Canopus gate inhibit override) command. With 
the DC-V15 command in effect, the spacecraft would not 
go into roll search when Canopus acquisition was lost. 
This command opens the line to the gyro switch control, 
preventing the gyros from turning on after roll-reference 
acquisition is lost. In addition, the sensor would acquire 
(as a roll reference) any object in its FOV that is of 
sufficient brightness to generate a roll-error signal. 

Sequence 

Turns on ranging channel in spacecraft radio subsystem. 

Prevents spacecraft from going into roll search when 
roll-reference acquisition i s  lost. 

Switches spacecraft transmitter to high-gain antenna 
and receiver to low-gain antenna (was high-high). 

Turns off ranging channel in spacecraft radio subsystem. 

Switches both spacecraft transmitter and receiver to low- 
gain antenna. 

This AC mode was preferable to the DC-V19 (gyros 
off-normal cruise) mode for the following three reasons: 
(1) Cruising in the DC-V15 mode will eliminate the pos- 
sibility of the gyros operating near perihelion. A gyros- 
on condition would result in an additional % W being 
dissipated in the spacecraft. The associated rise in tem- 
perature would have a detrimental effect upon the ability 
of the Mariner V spacecraft to survive perihelion temper- 
atures. (2) It is possible to lose the roll reference and not 
have an acquirable object in the Canopus sensor FOV 
for several days during segments of the spacecraft orbit. 
During these periods, if the spacecraft were in the 
DC-V19 mode, the gyros would go on, a roll search 
would be initiated, and the search would continue until 
an acquirable object came into the FOV. With the 
DC-V15 command in effect, the possibility of operating 
in a roll-search mode for extended periods is eliminated. 

(3) Each time the roll reference is lost, fewer spacecraft 
components will be exercised in the DC-V15 mode. 

The next step in planning the long-term cruise condi- 
tioning of Mariner V was the transmission of the DC-V10 
(transmit-high-receive-low) command. In this mode, the 
radio-subsystem personnel will be able io obtain final 
data points for their telecommunication performance 
margin curves. A DC-V9 command was then planned to 
turn off the ranging channel in the spacecraft radio 
subsystem. 

The final command to be planned during Phase I was 
a DC-V12 (transmit-low-receive-low) command, which 
was to transfer the complete spacecraft radio subsystem 
to the omni antenna. The transfer had a dual purpose: 
(1) To put Mariner V in the best condition to act as a 
planetary beacon, and (2) to put Mariner V in the opti- 
mum condition for reacquisition of telemetry data in late 
1968. Transmission of the DC-V12 command was to be 
defined as the end of mission for the active portion of 
the Mariner Venus 67 Phase I effort. 

Table V-18. Phase I - conditioning for 
long-term cruise plan 
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VI. Spacecraft Performance 

A. Mariner V Description 

The Mariner V spacecraft, which was designed for the 
Mariner Mars 1964 flyby mission, was subsequently con- 
verted for use on the Mariner Venus 67 mission. 

The Mariner V design (Figs. VI-1 and VI-2) was a 
modification of the Mariner IV spacecraft; the redesign 
objectives were to enable the spacecraft to fly by Venus 
and to accommodate a complement of scientific instru- 
ments appropriate to the mission. The Venus flight plan 
included the following steps: 

(1 )  Launch by an Atlas/Agena. 

(2)  Establishment of a cruise mode. 

(3) Performance of a trajectory-correction maneuver 
early in flight, if necessary. 

(4) Gathering of interplanetary data. 

(5) Start of planetary encounter sequence and gather- 
ing of data regarding Venus. 

(6)  Playback of data acquired during Venus encounter. 

The spacecraft, fully stabilized in attitude, used the 
sun and the star Canopus as references. Cold-gas jets 
pointed the spacecraft in all three axes. Gyroscopes were 
available f m  initial sun and Canopus acquisition, and for 
inertial yaw and pitch control duking trajectory cor- 
rections; inertial roll control could also be achieved if 
required. 

The Mariner V power subsystem used photovoltaic 
cells arranged on four panels. This subsystem had a 
body-fixed orientation for cruise operations and a re- 
chargeable battery for launch, trajectory-correction 
maneuvers, and use as a temporary backup. Power- 
conversion equipment delivered regulated, 2.4-kHz 
square-wave, 400-Hz step-square-wave, and unregulated 
dc electricity for distribution to the spacecraft subsystems. 
A central computer and sequencer (CCSrS) provided 
synchronizing signals for frequency stabilization, and 
performed the sequencing of onboard switching. 

The spacecraft guidance subsystem permitted variable 
orientation for trajectory-correction maneuvers; the posV 
injection propulsion subsystem (PIPS) was capable of 
executing two of these corrections. 
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Fig. VI-1. Mariner Y spacecraft configuration (top view) 

A two-way, S-band radio subsystem transmitted telem- 
etry to earth, commands to the spacecraft, and angle- 
tracking doppler and ranging information for orbit deter- 
mination. The subsystem included a low-gain antenna 
and a two-position, high-gain antenna, either of which 
could be used to transmit or receive. Switching between 
antennas was performed by automatic onboard failure- 
mode logic or by ground command. 

The command subsystem detected and decoded in- 
coming command messages, and transmitted them to the 
various onboard equipment. 

Two types of commands were used: (1) direct com- 
mands that resulted in direct action by the receiving 
subsystem, and (2) quantitative commands that were trans- 
ferred to the CCBS, and stored for later use in trajectory- 
correction maneuvers. A data encoder (DE) subsystem 
formatted, sequenced, and (when needed) provided 
analog-to-digital conversion of the telemetry data. 

A data automation subsystem (DAS) furnished control 
and synchronization; performed necessary data conver- 

sions and encoding functions; and buffered the science 
data, transmitting them to the DE at the various appro- 
priate fates and times. 

ars 

Converting Mariner IV spacecraft to accommodate the 
Mariner Venus 67 mission required changing a spacecraft 
designed to fly away from the sun into one required to 
fly towards the sun. The solar-panel celled surfaces were 
rotated 180 deg so that they would face the sun, and the 
radio antennas were reoriented so that they would face 
the earth. 

The increase in solar energy available to a spacecraft 
flying towards the sun permitted a reduction in the total 
solar-panel area required for power conversion. Mariner 
IV required 70.4 ft2, whereas Mariner V required 43.6 ftz. 
Because solar-panel temperatures increase as a space- 
craft approaches the sun, there is a decrease in solar-cell 
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Fig. VI-2. Mariner V Spacecraft configuration (bottom view) 

output voltages. As a result, the series-parallel arrange- 
ment of the solar cells had to be reorganized to prevent 
solar-panel output voltage from dropping below the 
33-V battery voltage. Because the power subsystem 
diode-isolates the solar panels and the battery, the re- 
organization of the cells was required to prevent battery 
power drain. 

The thermal-control design philosophy of isolating the 
spacecraft octagon (bus) from solar-heat inputs was inte- 
grally related to the solar-panel design. The reduced 
solar-panel area permitted removal of approximately 2 f t  
of solar-panel substrate nearest the bus; therefore, less 
solar energy absorbed by the panels was reradiated onto 
the surfaces of the electronic compartments. In the 
interest of economy, overall dimensions of the solar 
panels were maintained, and existing handling frames 
and attitude-gas system plumbing were used. A thermal 
shield isolated the bus from solar heat and prevented the 
electronic compartments from exceeding temperature 
limits. The sun shade, which was approximately 2% in. 
away from the spacecraft on the sun side when deployed, 
and extended approximately 4% in. past the edges of the 

octagon, resulted in a decrease of 30°F in the average 
bus temperatures at Venus. 

Sun-sensor voltages also had to be reduced from 16 to 
12 V so that thermal inputs and electrical power dissi- 
pation would not cause the sensors to exceed thermal 
operational limits. 

Although the Marimr Venus 67 mission required ther- 
mal shielding over most of the spacecraft, certain elements 
required additional heat because the spacecraft was 
inverted, relative to the sun, for the flight to Venus. Some 
spacecraft appendages that were on the sun side during 
the Mariner Mars 1964 mission were on the shaded side 
for the Mariner Venus 67 mission. For example, heaters 
had to be installed on the magnetometer, which was 
located on the mast of the omni-antenna facing earth; 
approximately 3 W of raw dc power was used to heat 
the magnetometer. 

The trajectory of Mariner V, as it relates to communi- 
cation distance, spacecraft-earth and spacecraft-Canopus 
angles, and the scientific objectives, required several 
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engineering changes to the Mariner IV spacecraft and a 
modified flight sequence. The spacecraft CC&S had to be 
reprogrammed to change telemetry data rates, to transfer 
from the low-gain omni-antenna to the high-gain direc- 
tional antenna, and to update the Canopus sensor cone 
angle at times dictated by the Mariner Venus 67 mission 
trajectory. Also, the CC&S had to be programmed to issue 
the necessary commands to carry out the encounter 
sequence developed for the Mariner Venus 67 mission. 

The scientific objectives of the mission required the 
spacecraft to fly as close to the planet as possible, but not 
to be captured by it. Capture would have violated the 
planetary-quarantine constraint placed upon the mission. 
As a result of the requirement to fly close to the planet 
(the Mariner V planned miss distance was 2460 mi), and 
because of the albedo of the planet, a special light hood 
had to be designed for the Canopus sensor to prevent 
planetary straylight from interfering with the sensor lock 
on the star Canopus during encounter. 

on Mariner IV, and a UV photometer that had previously 
been developed as an encounter instrument for Mariner 
ZV. A new instrument, added for the Mariner Venus 67 
mission, was a VHF/UHF dual-frequency receiver (DFR). 
Dispersive doppler and differential group path lengths 
were measured by the DFR to determine interplanetary 
electron density and to aid in deriving profiles of the 
ionosphere and neutral atmosphere of Venus. 

The UV photometer was converted from its role as an 
encounter instrument for the Mariner Mars 1964 mission 
to a cruise-and-encounter instrument for the Mariner 

Venus 67 mission. The conversion allowed a density 
determination to be made among the three sources of 
atomic hydrogen: solar, planetary, and galactic. This 
conversion consisted primarily of redesigning the timing 
circuits and logic so that the instrument operated at the 
early cruise rate of 33% bits/s. 

For the Venus encounter, the stepping sequence of the 
plasma probe was changed so that the sequence con- 
sisted of simultaneously sampling all three segments of 
its three-element sensing devices instead of alternating 
samples of the individual elements in the sequence, as 
was done during cruise. 

The reduction of the data rate to the tape recorder 
(10,700 bits/s for the TV data for Mariner IV to 66% 
bits/s for the science instruments of Mariner V), along 
with the increase in the required record time for the 
Mariner Venus 67 mission (2 h fur the Mariner Venus 67 
mission vs 25 min for the Mariner Mars 1964 mission), 
required reduction of the tape-recorder speed. The tape 
recorder was redesigned so that the motor could also be 
used for recording (rather than only during playback, as 
on the Mariner Mars 1964 mission). As was the case for 
Mariner IV, the Mariner V playback motor was driven 
at a speed of 0.08 in./s for recording, and was phase- 
lock-loop controlled, using sync pulses for a playback 
speed of 0.01 in./s. 

The dif€erent scientific payload and tape-recording 
sequences required a new DAS. The DAS controls the 
readout and sequencing of each of the scientific instru- 
ments, which means that it has to be optimized for each 
payload. The type of circuits used for the Mariner N 
DAS were not easily available, and standard components 
consumed too large a packaging volume. The DAS was 

A data-mode switch (to all science data) was required 
6 h before closest approach for the Mariner Venus 67 
mission (as compared to 1 h for the Mariner Mars 1964 
mission) to maximize the data accumulated as the space- 
craft passed through the magnetopause of the planet. 
For the Mariner Mars 1964 mission, 1 h of no engineering 
data was the acceptable risk. Six hours of operation 
without radio-subsystem or command-subsystem per- 
formance data was judged to be detrimental to the relia- 
bility with which a command could be transmitted to the 
Mariner V spacecraft if an emergency developed during 
the encounter sequence. Therefore, the Mariner V data 
encoder was modified to gate-in radio and command data 
during this period of high scientific interest. 

built mainly of integrated circuits. These were primarily 
new, low-power-consuming, integrated circuits that did 
not require power subsystem redesign. 

Science instruments for the Mariner Venus 67 mission 
consisted of a plasma probe, a magnetometer, and a 
trapped radiation detector (TRD), all of which had flown 

Like Mariner IV, the Mariner V spacecraft used the 
S-band transponder to perform an occultation experi- 
ment; however, unlike its predecessor, Mariner V opti- 
mized the S-band occultation experiment by positioning 
the antenna for maximum gain of an RF signal that 
traveled through an atmosphere at the start of occul- 
tation, The antenna was then switched to a second 
position to optimize the pointing angle of the antenna for 
a signal emerging from an atmosphere at the end of 
occultation. It was necessary to compensate for ,the 
refractive atmospheric effects on the RF signals that 
traveled through the atmosphere of the planets so that the 
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atmosphere of Venus, which was expected to be dense, 
could be explored. If the radio signals had been strong 
enough to be tracked all the way to the surface of the 
planet, they could also have been used to determine the 
diameter and depth of the Venusian atmosphere. 

Many other minor changes were made to the Mariner 
IV design to make it completely compatible with the 
Mariner Venus 67 mission. The earth-sensor field of view 
(FOV) was modified to allow a roll-reference backup to 
the Canopus sensor for the first 20 days. The solar-panel 
launch-mode stowing mechanism became a tip-latching 
mechanism because the old solar-panel quarter-point 
mechanism was in the path of the second position of the 
high-gain antenna. The terminator sensor and planet 
sensor had to be attached to the spacecraft with the 
correct geometry to produce their outputs at the correct 
time in the encounter sequence. Mariner IV absorptivity 
standards were replaced with an upgraded thermal- 
control-reference experiment. 

C. Mariner V Performance 

Mariner V was launched from the Air Force Eastern 
Test Range (AFETR) on June 14, 1967 (day 165 of the 
year). It was the only spacecraft scheduled by NASA for 
the 1967 Venus opportunity. 

From launch until the nominal end of mission on 
November 21, 1967, the performance of the spacecraft 
was excellent. The interplanetary-cruise portion of the 
mission produced a large amount of useful scientific and 
engineering data; during the planetary-encounter phase, 
all primary mission objectives were successfully met. 

On November 21,1967, Mariner V was still performing 
in an excellent manner. At that time, the combination of 
high-gain-antenna pointing and earth-spacecraft range 
exceeded the limits required for obtaining useful telem- 
etry data; as a result, the spacecraft transmitter was 
commanded to switch from the high-gain to the low- 
gain antenna. This command was designed to enable the 
reacquisition of telemetry data if the spacecraft were still 
operating. Analysis of spacecraft performance indicated 
the distinct possibility that data from the spacecraft 
might continue to be received in the last quarter of 1968. 

The nominal flight sequence of events for Mariner V 
was designed to be totally automatic, requiring no action 
from the ground for a normal flight (except for the 

trajectory-correction maneuver and turning on of the 
ranging receiver). Such a design relieved the mission from 
any dependence upon the ground-to-spacecraft communi- 
cation link (uplink), provided that the CC&S operated 
correctly. The ground-command function would be 
necessary to the success of the mission only if the CC&S 
were to fail. This was the cornerstone of the functional- 
redundancy philosophy employed in the Mariner V design 
that provided for independent and physically different 
means of performing all critical functions. When both 
means are available, as was the case in the Mariner Venus 
67 mission, a strict reliance upon the onboard functional 
branch may lead to a flight sequence that is less than 
optimum. This proved to be true in a number of cases 
during the flight, with the result that the nominal sequence 
was preempted or modified at times when it was advan- 
tageous to do so. The nominal flight sequence adopted 
for Mariner V prior to launch is presented in Table VI-1; 
the major departures from the nominal sequence of events 
are presented in Table VI-2. 

Table VI-3 presents a chronological sequence of events 
during the Mariner Venus 67 mission, starting with liftoff 
and concluding with the transfer of the spacecraft trans- 
mitter to the low-gain antenna on November 21, 1967. 

Although spacecraft performance was generally excel- 
lent, the Mariner Venus 67 mission was not without 
incident. A summary of problems and unexpected per- 
formance characteristics that were encountered during 
the mission is presented in Table VI-4. A Problem Failure 
Report (PFR) was initiated for each problem that could 
have endangered the Mariner Venus 67 mission. 

These problems and performance characteristics were 
primarily concerned with individual subsystems, and are 
described in detail in Subsections D through I. During 
the flight, many of them had a pronounced effect upon 
the systems aspect of the flight operation, and resulted in 
some modification to the flight-operations philosophy. 
The material in the paragraphs that follow is presented 
to provide some insight into the Mariner Venus 67 mis- 
sion from an overall systems point of view. 

1. Launch to  Canopus acquisition. Launch was accom- 
plished on June 14, 1967, at 06:01:00.176 GMT after a 
flawless countdown (one hold was called in the count- 
down to allow better down-range telemetry coverage than 
the nominal opening of the window). Both the Atlas and 
the Agena launch vehicles performed well, injectiqg the 
spacecraft on a trajectory well within launch tolerances. 
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Table VI-I. Flight sequence adopted before launch 

Event 

1. Verify number of encounter update 
pulses to be inserted at T-7 
min (event 3) 

2. Switch to internal power 

3. Clear counters and insert encounter 
updote pulses 

4. Release LCE relay hold 

5. Tape recorder to launch mode 

6. Release CC&S real-time inhibit 

7. Clear relay releose 

8. Liftoff 

9. Shroud separation 

10. Spacecraft injection 

11. Spacecraft separation 

a. RF power-up and turn on 
science 

b. Remove relay hold and enable 
CC&S 

c. End tape-recorder launch mode 

d. Remove plasma probe IO-kV 
inhibit 

e. Arm pyrotechnics 

f. Agena isolation amplifier 
turned off 

g. Turn on Ace subsystem 

h. Separation-initiated timer 
uctivated 

(1) Arm pyrotechnics 

(2) Pyrotechnics-armed 
indication 

(3) Deploy solar panels and 
sun shade 

aLCE launch complex equipment. 
bB/R booster-reaulator. 
CAC attitude control. 

Time 

T-15 min 

T-7 min 

T-7 min 

T-5 min 

T-4 min 

T-3 min 

Event 6+119 s 

T = O  

T+317 s (approx) 

I (TS19.1 to T+35.2 
min) 

S = lf2.6 min 

S = OtoS -k 114s 

- 
- 

- 

S f 3 0  2 2 0  s 

S+ 180 2 8 0  s 

5$190f80s 

Source 

LCE' 

LCE 

LCE 

LCE 

LCE 

LCE 

CC&S 

- 

Agena timer 

Agena D 

Agena D timer 

separation 
connector 

Separation 
connector 

Separation 
connector 

Separation 
connector 

Pyrotechnics 
arming switch 

Pyrotechnics 
arming switch 

Pyrotechnics 
arming switch 

Separation 

Separation- 
initiated timer 

Seporation- 

Separation- 

initiated timer 

initiated timer 

Destination 

:c&s 

'ower 

:c&s 

:c&s 

ape recorder 

:c&s 

CE 

- 

.gena pyrotechnics 

,gena pyrotechnics 

ower 

:c&s 

ape recorder 

Plasma probe 

Pyrotechnics 

DE 

AC 

Pyrotechnics, DE 

Pyrotechnics 

DE 

Pyrotechnics 

Comments 

Number of pulses inserted determines 
time from launch to CC&S MT-7, 
which varies with trajectory flight 
time 

Monitor DE channel 221; maneuver 
B/Rb output current to determine 
whether tape recorder is in launch 
mode 

Provided event 7 occurs within toler- 
ance relative to event 6 

S-band signal level increases 

Injection is completion of Ageno sec- 
ond burn 

Spacecraff V-band released 

Backup to RF power-up is gyros off; 
backup to science on i s  DC-V2 

This signal is "NANDed" with first 
end of tape (EOT) signal after sep- 
aration and switches tape-recorder 
launch motor off; gyro power off at 
spacecraft acquisition i s  a backup 
to tape-recorder launch motor off 

This will allow plasma probe to sup- 
ply 10 kV to its sensor 

This switch i s  wired in parallel with 
separation-initiated timer for re- 
dundancy 

Event in DE register 3 

Initiate sun acquisition 

Backup to event I l e  

Event in DE register 3 i f  event in step 
step 1 I f  has not occurred 
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Table VI-1 (contdl 

Event 

12. Deploy solor panels and 
sun shade 

13. Turn on AC subsystem 

14. Sun acquisition complete; begin to 
calibrate magnetometer 
roll rate 

15. Start magnetometer calibrotion 

16. Turn on Canopus sensor and 
initiate roll search obout 
spacecraft Z axis 

17. Canopus acquisition complete 

18. Begin trajectory-correction 
maneuver 

a. Load pitch-turn duration 
and polority 

b. Load roll-turn durotion 
and polarity 

c. Load motor-burn durotion 

d. Arm first propulsion 
moneuver 

e. Remove propulsion inhibit 

f. Initiate maneuver sequence 

g. Maneuver sequence stort 

(1) Turn on gyros for 
warmup 

(2) Switch to doto mode 1 

h. Begin maneuver 

(1) Spacecraft to inertiol con- 
trol (all oxes); autopilot 
on; Canopus sensor off 

(2) Set turn polority 

(3) Stort pitch turn 

i .  Stop pitch turn 

Reset turn polority 

i. Stort roll turn 
Set turn polority 

k. Stop roll turn 

Reset turn polarity 

1. Ignite midcourse motor 

m. Stop midcourse motor 

Time 

T+53 min 

T+57 min 

Event 11 h or 
1 3 f O  to 20 min 

T+4 hr 

Tf997 min 

Event 16+0 to 
16+60 min 

T f 2 t o T f l O d a y s  

M-10 min 

M-5 min 

M 

M=O 

M+59to M f 6 0 m i n  

Event 18h+l to 
1319 s (1-s resolution 

Event 1 8 h f 2 2  min 

Event 1 8 i f 1  to 13191 
(1 -I resolution) 

'Event 18h+44 min 

Event 18 I +0.060 to 

0.080-s resolution) 
102.34 I (0.040- to 

Source 

CCLS 1-1 

CCLS 1-2 

Sun gate 

CCLS 1-3 

Command 
QC-VI -1 

Commond 
QC-VI -2 

Command 
QC-VI -3 

Command 
DC-V29 

Command 
DC-V14 

Commond 
DC-V27 

CCLS M-1 

AC 

CCLS M-2 

CCLS M-3 01 

M-3 

CC&S M4  

c a s  M-4 

CCLS M-3 

CCLS M-5 
CCLS M-3 or 

M-3 

CCLS M-5 

CCLS M-3 

CCLS M-6 

CCLS M-7 

Destination 

Pyrotechnics 

AC 

AC 

- 

4C 

- 

- 

CCLS 

CCLS 

CCLS 

Pyrotechnics 

Pyrotechnics 

ccas 

AC 

DE 

AC 

AC 

AC 

AC 

AC 

AC 
AC 

AC 

AC 

Pyrotechnics 

Pyrotechnics 

Comments 

Backup event 11 h(3) 

Backup to event 1 l g  (bockup: DC-V1: 

I f  DC-VI3 was used to turn on AC, 
Canopus acquisition will begin at 
event 14 

Begin calibrotion offer spacecroft has 
possed 8 eorth radii 

Backup: DV-Vl3. Inhibit 
mognetometer-calibration roll 
signol 

This i s  ot 0.1 deg/s 

This will ensure that propulsion trans- 
fer relays ore in proper state far 
first maneuver 

This will ensure that pyrotechnic re- 
lays ore not inhibited 

Backup: DC-VI 

M-3 positive turns, 
M-3 negative turns 

Mognitude inserted by QC-VI-1 be- 
fore maneuver start (1000 s = 18( 
deg turn) 

See comments on event 18h(2) 

Magnitude inserted by QC-V1-2 prior 
to moneuver stort (1000 s = 180- 
deg turn) 

Relay pulsed 

Relay pulsed; magnitude inserted by 
QC-V1-3 before maneuver start 
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Table VI-1 (contd) 

~~ 

Event 

19. Commence automatic reacqui- 
sition of references 

Switch to data mode 2 

20. Sun acquisition complete 

21. Canopus acquisition complete 

22. Turn off maneuver counter 

23. Maneuver sequence inhibit 

a. Load minimum pitch-turn 
duration 

b. Load minimum roll-turn 
duration 

c. load minimum motor-burn 
duration 

24. Transfer to TWTd amplifier 

25. Second maneuver sequence 
Repeat steps 18-23 i f  a 
second maneuver i s  required 

26. Switch bit rate to 8% bits/s 

27. Set Canopus sensor cone 
angle No. 1 

28. Set Canopus sensor cone 
angle No. 2 

29. Set Canopus sensor cone 
angle No. 3 

30. Transmit via high-gain antenna- 
receive via low-gain antenna 

31. Set Canopus sensor cone 
angle No. 4 

32. Turn off ranging 

33. Begin encounter sequence 

a. Tape recorder power on 

b. Energize terminator sensor 

c. Battery charger to boost mode 

dTWT = traveling-wove tube. 

Time 

Event l 8 h f 5 0  min 

Event 19fO to 20 min 

Event 20+0 to 60 min 

Event 18f f 199 min 

Event 22f10 min 

T+10 days (nominal) 

E-87.0 days 

E -56.4 days 

E - 39.7 days 

E-23.0 days 

E - 18.5 days 

E-9.2 days 

E-19% h 

E-12% h (nominal) 

~ 

Source 

CC&S M-1 and 
M-2 

AC 

- 
- 

CC&S 

- 
Command 

QC-VI -1 

Command 
QC-VI -2 

Commond 
QC-VI -3 

Command DC-V7 

- 

CC&S MT-6 

CC&S MT-1 

CC&S MT-2 

CC&S MT-3 

CC&S MT-5 

CC&S MT-4 

CC&S CY-1 

CCbS MT-7 

MT-7 

MT-7 

MT-7 

~~ 

Destination 

AC 

DE 

- 
- 

CC&S 

- 
CC&S 

c a s  

CC&S 

Radio 

- 

DE 

AC 

AC 

AC 

Radio 

AC 

Radio 

Power 

Power 

Pyrotechnics 

Power 

Comments 

I f  L-3 has failed to operate in  event 
16, Canopus sensor will be turned 
off by this signal; this condition 
can be  corrected b y  sending 
DC-V13 

Backup: DC-V2 

Internal function to CC&S that per- 
mits subsequent maneuver to be 
executed 

Loading minimum turns and motor- 
burn times into CC&S maneuver 
clock prevents possibility of maxi- 
mum-ddration maneuver events oc- 
curring i f  CC&S maneuver clack 
was actuated as a result of certain 
possible component failures 

This transfers radio power amplifier 
from low-power cavity amplifier 
used dur ing launch to higher 
power TWT amplifier 

Backup: DC-V5 

Backup: DC-VI7 

Backup: DC-V17 

Backup: DC-V17 

Backup: DC-V10 

Backup: DC-V17 

CC&S CY-1 turns ranging receiver off; 
S-band occultation constraints 
preclude ranging turn-on during 
occultation period; backup: DC-V9 

Backup: DC-V25 

Tape recorder receives power; how- 
ever, recording sequence i s  inhib- 
ited 
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Table VI-1 (contd) 

Source Event 

34. Begin DAS encounter mode 

a. Switch to data mode 3 

b. Planet-sensor power on 

c. Switch plasma probe to 
encounter format 

d. Remove inhibit from 
timer B 

35. Initiate DAS timer A 

36. Acquisition of planet (PSO)e 

a. Start timer B 

b. Start tape recorder 

c. Begin track 1 recording 

d. Begin UV-photometer high 
data rate 

e. Inhibit UV-photometer 
calibrate signal 

f. Issue backup 

37. Begin frock 2 recording 

Issue backup 

38. Enter occultation 

39. Closest approach 

40. Antenna pointing angle 
change 

Issue backup 

41. Exit occultation 

42. Stop recording on track 2 

Issue backup 

ePSO = planet sensor output. 

Time 

E-6 h (nominal) 

- 
- 
- 

E-3 h, 8 min (approx 

E-60 2 1 2  min 

- 
E-59 min, 10 s 

E-59 min, 10 s 

Receipt of DC- 
V16 f121  min 

(approx) 

Event 36 (PSO) 
-b 13.45 min 

Receipt of DC-V16-b 
2 h, 13 min (approx) 

E-5 min (nominal 
estimate) 

E = O  

E f8  min (approx) 

Receipt of DC-V16 
-k 3 h, 8 min 

(approx), E f l 5  min 

(approx) 

E+21 min (nom- 
inal estimate) 

Event 37+107.5 min 

Receipt of DC-V16 
f 4 h, 2 min 

(apprax) 

CC&S MT-8 

DAS 

DAS 

DAS 

DAS 

Command 
DC-V16 

Planet sensor 

Planet sensor 

DAS 

DAS 

DAS 

DAS 

Timer A 

DAS (timer B) 

DAS (timer A) 

Trajectory 

7 

Terminator 
sensor 

DAS (timer A) 

Trajectory 

DAS (timer B) 

DAS (timer A) 

Destination 

DAS 

DE 

Planet sensor 

Plasma probe 

Timer B 

DAS 

DAS 

DAS 

Tape recorder 

Tape recorder 

DAS 

UV photometer 

DAS 

Tape recorder 

Tape recorder 

- 

- 
Pyrotechnics 

Pyrotechnics 

- 

Tape recorder 

Tape recorder 

~~ 

Comments 

Backup: DC-V24 

With data mode 3, a faster sample 
rote for science data is  established 
for real-time transmission by elim- 
inating engineering frame from 
data format; no data are stored at 
this time 

DC-V16 i s  transmitted at a time so 

that outputs from timer A occur to 
serve os backups to critical en- 
counter events 

MT-8 or DC-V24 must have occurred 

Tape recorder requires approx 0.25 s 

to reach record speed 

Dota to t rwk  1 preceded by 80 
zeros 

Inhibit removed by timer A or B 

Backup far PSO event 

Begins high-data-rote sampling and 
storage of DFR data; 80 zeros 
precede data 

During period preceding acculta- 
tion, RF signal transmitted from 
earth-based transmitters will be 
refracted through atmosphere of 
planet 

Pyrotechnics activates a pin-puller 
that allows antenna to change pa- 
sition for optimizing S-band oc- 
cultation experiment; for command 
backup, see event 45 

Timer output serves as backup io 
terminator sensor 

Spacecraft RF signal emerges fram 
behind planet 

Terminate storage of dual-frequency 
radio propagation data 

An output of timer A serves as a 
backup for this event from timer B 
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Table VI-1 (contd) 

Event 

43. EOT' in tape recorder 

44. Switch to data mode 2 

a. Start sending "stop tape" 
commands 

b. Planet sensor off 

c. Release UV-photometer 
calibrate inhibit 

d. Switch plasma probe to 
cruise format 

e. Issue backup 

f. Inhibit encounter outputs 
of timers A and B 

45. Transmit DC-V22 

46. Transmit DC-V9 

47. Switch to dota mode 4 

Begin stored-data playback 

48. Switch tape-recorder data 
tracks 

49. Turn off ranging 

50. End of first data playback 

51. Start of second data playback 

52. Transmit DC-VI 

53. Switch tape-recorder data tracks 

54. End of second data playback 

55. Switch to data mode 2 

56. Transmit DC-V9 commands 

I fEOT = end of tape. 

Time 

E - t l  h, 1 0 s  min 

E f l  h, 14 min 

- 

Receipt of DC-V16 
f 4  h, 15 min 

(approx) 

As soon as possible 
after exit occultatior 
(if necessary] 

As soon as possible 
after two-way lock 
i s  established 

E f 1 4  h 

- 
E+32.2 h 

E+1 day (23.33 h) 

E f 2  days (2.4 h) 

E+2 days (2.4 h) 

E f 2  days (2.9 h) 

E f 2 days (20.6 h) 

E4-3 days (14.8 h) 

E f 3  days (14.8 h) 

(approx) 

At appropriate 
Goldstone rise time! 

Source 

Tape recorder 
(EOT foil) 

DAS (timer B) 

DAS (timer B) 

DAS (timer B) 

DAS [timer B) 

DAS 

Timer A 

DAS 

Command 

Command 

CC&S MT-9 

DE 

EOT fail 

CC&S CY-1 

Tape recorder 

EOT foil 

Command 

EOT foil 

Tape recorder 

Command DC-V2 

Command 

Destination 

Tape recorder 
DAS 

DE 

Tape recorder 

Planet sensor 

UV photometer 

Plasma probe 

DAS 

Timers A and B 

Pyrotechnics 

Radio 

DE 

Tape recorder 

Tape recorder 

Radio 

- 

Tape recorder 

Radio 

Tape recorder 

- 
DE 

Radio 

Comments 

This stops record motor and thereby 
terminates data-storage sequence 

Backup: DC-V2 

Backup to event 43; "stop tape" com- 
mands issued every 50.4 s from this 
point 

Timer A serves as a backup for 
event 44 

Because of high doppler rates that 
exist during encounter, successful 
command transmission cculd not 
be assumed until some time after 
encounter 

Turns on ranging receiver 

Backup: DC-V4 

Backup: DC-VI 

Backup: DC-V9 

Data playback consists of approx 1 h 
of real-time engineering data fol- 
lowed by 17 h of science data on 
track 1, and approx 2 h of real- 
time engineering data followed by 
14 h of science data followed by 
1 h of real-time engineering data 

on track 2 (no assurance existed 
as to which track tape recorder 
would select to begin playback) 

Second playback was on optional op- 
eration 

Turn on ranging receiver assuming 
no second data playback 

Backup: DC-V3 

If  only one playback of stored data 
i s  performed, this command would 
be transmitted after first playback 
sequence is terminated 

Exercise ranging subsystem as long 
as capability lasts 
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Table VI-2. Major deviations from nominal flight sequence 
- 
No. 

1 

- 

2 

3 

4 

5 

- 

Deviation 

The spacecraft was rolled three times following the midcourse 
maneuver to allow the UV photometer to scan for atomic 
hydrogen in the extended atmosphere of the earth and as a 
calibration of the instrument. 

lunar ranging was turned on after the midcourse maneuver to 
obtain an independent data source for orbit redetermi- 
nation. 

The battery charger was turned off when the battery was fully 
charged. 

The planetary encounter sequence was modified by ground 
command to provide maximum in backup capability for all 
critical functions. 

Planetary ranging was obtained as close to the planet before 
encounter as possible for celestial mechanics and orbit 
determination. 

~ 

Date, 1967 

Jun 14 

Jun 15 

Jun 19 

Jun 20 

Jun 27 

Jul 24 

Aug 24 

Sep 10 

Sep 26 

o c t  1 

Oct 10 

Time, GMT 

06:Ol:OO 

06:27:17 

06:30:19 

06:43:25 

06x5367 

0623766 

22:38:00 

01 :12:26 

21 :23:57 

23:08:11 

23:32:19 

02:09:49 

02:30:18 

02:39:00 

00:28:00 

00:59:05 

19:19:21 

08:41:33 

00:41:52 

16:42:43 

16:43:08 

14:04:14 

14:25:00 

*SIT = separation-initiated timer. 
bPAS = pyrotechnics arming switch. 

- 
No. 

6 

- 

7 

8 

9 
I 

Deviation 

A bit-rate change exercise was performed for UV-photometer 
calibration and signal-level change monitoring. 

The spacecraft was rolled three times to allow the UV photam- 
eter a calibration at 8 %  bits/s when the spacecraft had 
completed 180 deg of a revolution, in the heliocentric orbit, 
from No. 1, above. The dual-frequency radio propagation 
experiment also wanted these data for comparison with the 
earth-based measurements of antenna patterns. 

An encounter exercise and midcourse pointing exercise were 
combined to allow a calibration of the UV photometer by 
repointing the sensor of the point in celestial space i t  had 
been observing at the time of the CC&S MT-6 event. 

The spacecraft was conditioned for the long-term cruise. 

Table VI-3. Mariner V sequence of events 

Event 

l i ftoff 

RF power up, science on, plasma-probe high voltage on, CChS relay-hold off, Agena channel F telemetry off, 
pyrotechnics armed, SITa started, AC on, and tape recorder launch mode off 

Solar panels and deployable sun shade deployed 

Sun acquisition complete; beginning of magnetometer-calibrate roll 

CC&S 1-1 event (deploy solar panels and deployable sun shade); no action (preempted by SIT) 

CC&S 1-2 event (turn on AC); no action (preempted by PASb) 

CCBS 1-3 event (turn on Canopus sensor); spacecraft into roll search 

Gyroscopes off; spacecraft had acquired Canopus after two roll-override commands (DC-V21) 

Trajectory-correction maneuver initiated (DC-V27) 

Start motor burn 

Sun and Canopus reacquired after trajectory-correction maneuver 

Gyroscopes off upon completion of three rolls for UV photometer 

Last of minimum turn and motor-burn-duration commands observed 

Ranging receiver turned on (DC-V9 No. 1) 

DC-V7 (switch power amplifiers) transmitted; TWT into 90-s warmup, then standard mode at 40.2-dBmW output 

Battery charger off; boost mode enabled 

CCLS MT-6 (switch bit rates) transferred telemetry to 8 

CC&S MT-1 (Canopus sensor cone-angle update) switched sensor cone angle from 79.7 to 84.5 deg 

CC&S MT-2 (Canopus sensor cone-angle update) switched sensor cone angle from 84.5 to 90.0 deg 

CC&S MT-3 (Canopus sensor cone-angle update) switched sensor cone angle from 90.0 to 95.2 deg 

CC&S MT-5 (transfer spacecraft transmitter to high-gain antenna) 

CC&S MT-4 (Canopus sensor cone-angle update) switched sensor cone angle from 95.2 to 100.3 deg 

DC-VI 5 (Canopus-gate-in hibit override) transmitted 

bits/s 
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Table VI-3 (contdl 

Date, 1967 

Oct 19 

Oct 20 

Oct 21 

Oct 23 

Oct 25 

Oct 26 

Nov 7 

Nov 8 

Nov 10 

Nov 19 

Nov 20 

Nov 21 

Dec 1 

Dec 4 

Time, GMT 

02:49:00 

04:45:06 

08:50:00 

10:50:00 

1 1 :25:04 

15:01:43 

16:33:57 

16:40:00 

17:46:51 

18:4 1 :5 1 

1 8:48:18 

19:OO:OO 

07:25:23 

18:45:00 

07:55:00 

20:35:00 

20:55:00 

09:15:00 

2 1 :oo:oo 

18:58:10 

13:OO:OO 

18:40:00 

22:oo:oo 

16:58:10 

19:18:05 

- 
20:00:00 

Event 

DC-V25 (begin encounter sequence; tape recorder on) transmitted; tope recorder on, terminator sensor excitation 
on, and science-overload-inhibit override on 

CC&S MT-7 (begin encounter sequence; tape recorder on); no action (preempted by DC-V25) 

DC-V9 (turn on ranging receiver No. 16) transmitted 

DC-V24 (begin DAS encounter mode) transmitted; DE switched to data mode 3, DAS clock B enabled, p!anet 
sensor excitation on, and plasma probe to mode 3 

CC&S MT-8 (begin DAS encounter mode); no action (preempted by DC-V24) 

DC-V16 (start encounter backup clock) transmitted; DAS clock A enabled, and science frame count reset to zero 

Planet sensor output, start DAS timer B, start tope-recorder record motor, begin track 1 recording, and inhibit 
UV-photometer calibrate signal 

DC-V9 (turn off ronging receiver No. 2 by command) transmitted 

Terminator sensor output and APAC 

Tape recorder EOT and tape-recorder record motor off 

Switch to data mode 2, DAS clock B inhibit outputs of timers A and B, planet sensor off, release UV-photometer 
calibration inhibit, and switch plasma probe to cruise format 

DC-V9 (turn on ranging receiver No. 17) transmitted 

CC&S MT-9, start of Venus recorded data ploybock; data encoder transferred to data mode 4 

DC-V9 (turn on ranging receiver No. 18) tronsmitted (CC&S CY-1 No. 47 had turned i t  off) 

DC-V2 (doto encoder transferred to data mode 2, tope recorder to standby mode) transmitted; a later DC-V28 
turned on battery charger 

DC-V5 (switch back to 8 % bits/s) transmitted; earlier DC-VJ switched to 33 

DC-V19 (return AC to normal mode) transmitted; DC-V28 turned off battery charger 

DC-V26 (turn science off) transmitted; subsequent commands turned science on; data mode 3, tape recorder on, 
started DAS clock A counting; switched to data mode 2; started record sequence; rolled spacecraft; acquired 
Canopus; rolled spacecraft; switched to transmit low-gain antenna; acquired Canopus; rolled spacecraft; 
EOT stopped record sequence; acquired Canopus; switched to transmit high-gain ontenno (this ended 
recording of three-roll UV-photometer calibration data) 

bits/s 

DC-V4 (mode 4 begin data playback) transmitted) subsequent commands switched tape recorder to standby 
mode and restarted playback 

DC-V2 (transfer data encoder to data mode 2, and tope recorder to standby mode) transmitted; subsequent 
commands turned tape recorder off, battery charger on, and battery charger off 

QC-VI -1 (- 17.1 8-deg pitch) transmitted; subsequent commonds to point UV photometer at CC&S MT-6 
point in celestial space set up roll magnitude; removed maneuver inhibit; turned science off; turned 
science on; data mode 3, tape recorder on, started DAS clock A counting; switched to data mode 2; 
armed first burn; initiated midcourse-maneuver sequence; gyros on, data mode 1; switched to data 
mode 2; switched to transmit low-gain antenna; started record sequence; pitched; rolled; reacquired 
sun; acquired Canopus; EOT stopped record sequence; switched to transmit high-gain ontenno 

DC-VI 3 (maneuver command inhibit) tronsmitted; subsequent commands removed science on/overload- 
inhibit override; turned science off; turned science on; minimum pitch; minimum roll; minimum burn 
duration; transmit and receive on high-gain antenna 

DC-V4 (start tape playback) transmitted 

DC-V2 (transfer data encoder to data mode 2, tape recorder to standby mode) transmitted; subsequent 
commands turned tape recorder off; battery charger on; battery charger off; started DAS clock A 
counting to restore plasma-probe mode 2 format 

DC-VI 2 (switch receiver and transmitter to low-gain antenna) transmitted; previous commands turned on 
ranging for twenty-first time; established Canopus gate inhibit override mode; turned off ronging for 
third time by command; switched receiver to law-goin antenna 

Project end of Mariner Venus 67 mission-Phose I 

last tracking of Mariner V at - 170.0-dBmW signal level 
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Table VI-4. Spacecraft problems and minor anomalies during mission 
- 
No. 

1 
- 

2 

3 

4 

5 

6 

- 
No. 

1 

2 

3 

4 

- 

- 
=SA 

Problem 
~ ~ 

UV-photometer tube-C reoding had a step function decrease 
in average reading following trajectory-correction maneuver 

UV-photometer calibrotes and drift checks changed frame 
count on which they occurred following trajectory-correction 
maneuver 

Trajectory-correction maneuver chonge in velocity was smaller 
than predicted 

UV-photometer tube-C reoding increased significantly mare 
than expected at the switch in data-encoder bit rate (CC&S 
MT-6) to 8% bits/s 

CC&S produced two event-register indications when master- 
timer events ond cyclic events occurred concurrently 

SAGC" and data-subcarrier SNRb increased at switch in data- 
encoder bit rate from 33% to 8% bitsfs 

Minor anomaly 

Data-encoder deck skip upon arming of pyrotechnics 

Sun sensors ocquired earth-straylight false null 

Canopus sensor acquired earth stroylight during Canopus search 

Open-circuit voltage of standard solar cell higher than pre- 
dicted 

=: station automatic gain control. 
bSNR =signal-to-noise ratio. 
CTCR = temperature-control reference. 

- 
No. 

5 
- 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

- 

Minor anomaly 

Ranging receiver turn-on was observable by small current and 
temperature increases 

Many small roll transients observed 

Battery charger off produced a data-encoder deck skip and a 
DAS status-bit chonge in step 

UV-photometer temperature increased above predicted value 
after switch to 8% bits/s 

White TCRse degraded (darkened) faster than predicted; black 
TCR degraded (bleached) faster than predicted 

UV photometer had a slight error in pointing angle 

PIPSd propellant decomposition caused o slight pressure increase 

Transmission of DC-V9 caused command subsystem to drop lock 

Earth sensor observed Venus stroylight, which had not been 
predicted 

Tape-recorder subsystem dropped a few bits during playback 

Solar panels degraded because of radiation damage 

UV photometer tube-C data were much higher than predicted 
when spacecraft was pitched and rolled to point in celestial 
sphere where CC&S MT-6 had occurred 

Planet sensor observed both first and second limb of Venus 

APACe squib had shorted combustion products that produced 
an event at APAC backup 

dPlPS = postinjection propulsion system. 
CAPAC = antenna pointing angle change. 

The Deep Space Station (DSS) at Cape Kennedy 
(DSS 71) tracked the spacecraft until L + 7  min. At the 
nominal time for shroud ejection, the received carrier 
power from the spacecraft increased, indicating shroud 
ejection. After DSS 71 set, the Agena channel F (98-kHz) 
spacecraft telemetry was sent from Antigua by a sub- 
marine cable to DSS 71, and was processed in real time 
until LS-12 min. Ascension (DSS 72) transmitted data 
from L f 2 2  min, 14 s until L+26 min in real time to the 
Space Flight Operations Facility (SFOF). During that 
period, spacecraft telemetry confirmed that the solar 
panels were reacting to sunlight. At L+28 min, 45 s, 
Johannesburg (DSS 51) acquired demodulator lock, and 
data were continuously available after that time. 

When DSS 51 acquired the spacecraft, the data- 
encoder event channels had changed from a reading of 
0614 to 2735 (octal), indicating that all separation func- 
tions had occurred normally; i.e., pyrotechnics were 
armed, pyrotechnic current flowed in A and B channels, 
and all four solar panels were deployed. Other telemetry 

measurements indicated that the sun shade was de- 
ployed, science was on, radio power was switched to the 
high-power mode, the tape-recorder launch motor was 
off, the CC&S relay hold was off, and the spacecraft 
was starting to acquire the sun. A data-encoder deck skip 
(probably associated with the arming of pyrotechnics 
upon spacecraft separation) occurred. Deck skips with 
this event had been experienced during the system 
testing; therefore, this one was considered normal. 

The sun sensors that were activated by the pyrotech- 
nics arming switch (PAS) upon spacecraft separation 
initially had saturated outputs. The spacecraft was driven 
cw in pitch and ccw in yaw to acquire the sun. Earth- 
light on the secondary sun sensors biased the electrical 
null at least 78 mrad (4.5 deg) off the spacecraft-sun line. 
The attitude-control (AC) subsystem acquired the false 
null in yaw at 06:33:50 GMT, and began to limit-cycle 
about it. The sun-gate FOV was a cone of approximately 
5.1 deg. Fortunately, the location of the false null wgs 
such that points of its limit cycle placed the sun in the 
sun-gate FOV. 
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The AC subsystem acquired the sun-gate event at 
06:44:23 GMT, indicating that the pitch axis was also 
less than 5.1 deg. The sun-gate event terminated the 
power to the secondary sun sensors, which removed the 
false null and allowed the sun to be acquired. This placed 
the spacecraft into a programmed roll at 12.4 deg/rnin 
to furnish calibration data for the magnetometer. 

At 06:53:56,6 GMT, telemetry showed an event in 
register 2, indicating that the CC&S L-1 event had 
occurred on time. The solar panels had been deployed 
by the separation-initiated timer (SIT), so there were no 
other changes at that time. No events occurred in regis- 
ters 1 and 3, which indicated that no short circuits existed 
in the combustion products from the SIT solar-panel pin- 
puller squib firings. The CC&S LT-2 event occurred 
normally at 06:57:56.0 GMT, backing up the already 
completed PAS function of turning on the AC sun sensors 
and acquisition logic. 

The roll for the magnetometer calibration was a spin 
of -3.6 mrad/s, which was within the resolution of the 
telemetry and the roll-rate deadband and about the 
nomina1 spin rate of -3.5 mrad/s. There were 33 com- 
plete rolls during the calibration period. The magnetom- 
eter, TRD, and plasma probe each observed the magneto- 
pause and shockwave of the earth, and gave the expected 
indications. 

Mariner IV had an earth detector that shared a telem- 
etry channel with the roll gyro. When the gyros were on, 
however, only the roll-gyro output was available. It was 
recognized that, for the Mariner Venus 67 mission, the 
earth sensor could be used as a backup for the Canopus 
sensor to perform the trajectory-correction maneuver. 
This backup capability required that the earth sensor 
have its own high-rate telemetry channel so that its out- 
put could be read out while the gyros were on. This also 
provided the capability for the earth sensor to view the 
earth during each roll of the magnetometer calibration. 
The data provided on the apparent motion of the earth 
and its size allowed an accurate prediction of the space- 
craft spin rate. This rate was extrapolated to the CC&S 
L-3 event to determine where in the celestial sphere the 
Canopus sensor would be pointing at turn-on. A pre- 
diction of the objects that might be acquired by the 
Canopus sensor was thus allowed. 

On June 14, 1967, at 22:38:00.5 GMT, the CC&S L-3 
event was observed in the data. The Canopus-sensor 
telemetry confirmed that it was powered, and the space- 
craft went into a normal roll search. Before launch, it was 
recognized that the Canopus sensor might be able to 

acquire straylight from the earth. Modeling of the ter- 
restrial straylight was very difficult, and was felt to be an 
order-of-magnitude indication only; the cone angle of 
the earth at acquisition was 111 deg, or 30 deg outside 
of the Canopus-sensor FOV, and the effective Canopus 
ratio of earth was approximately 2.5 X 106 times Canopus. 
As predicted, the straylight from the earth was able to 
enter the sensor FOV, and permit acquisition of earth 
straylight at 22:49:01 GMT. The predicted earth bright- 
ness was 0.75 times that of Canopus, and the maximum 
straylight brightness detected was 2.5 times that of Ca- 
nopus, indicating that the prediction technique was good. 

It was recognized that the spacecraft could remain 
acquired to earth straylight for several days until the 
brightness fell below the Canopus-sensor dropout gate. 
The spacecraft would then automatically search to Cano- 
pus and acquire it. No advantage was apparent in fol- 
lowing that plan, whereas there was an advantage in 
acquiring Canopus early. The major advantage was to 
establish the pretrajectory correction cruise phase as 
early as possible. This argument centered on the level of 
personnel coverage required to monitor spacecraft per- 
formance. However, if the spacecraft were left alone, the 
exact time of the roll search to Canopus could not be 
predicted, and many spacecraft performance analysis and 
command (SPAC) members would be required to mon- 
itor the data. 

It was decided to proceed with the Canopus acqui- 
sition via ground command from DSS 11. The first roll- 
override command (DC-V21) was transmitted to the 
spacecraft and verified in the telemetry at 00: 31 :07 GMT 
on June 15,1967. The gyros turned on, and the spacecraft 
went into a normal roll search off the first stable null of 
the earth. In an effort to prevent the gyros from turning 
off if a reacquisition were accomplished on the second 
stable null of the earth, a second DC-V21 was sent 4 min 
after the first. The second DC-V21 caused the spacecraft 
to roll off the terrestrial straylight second stable null, and 
to search until acquisition of lunar straylight was 
achieved. On the basis of the brightness of the earth 
straylight, the acquisition of the lunar straylight was pre- 
dicted. The lunar straylight apparently did not have a 
stable null, and a limit cycle was not established; the 
sensor moved off of the lunar straylight in the ccw search 
direction, indicating a low gate dropout of 0:2W.19 
X Canopus. The maximum observed lunar straylight was 
1.6 X Canopus. The spacecraft acquired Canopus at 
01:09:02 GMT, which established the logic for gyro turn- 
off some 200 s later. This completely normal sequence 
was the initiation of the pretrajectory-correction cruise 
phase of the mission. 
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2. Pretraiectory-correction cruise. This portion of the 
early flight was mainly without incident, except that the 
temperature-control references did not follow the pre- 
fight predictions. The white samples had an increase in 
absorptance (darkening) that was larger than anticipated, 
and the black sample began bleaching at a faster rate 
than expected. These changes had no effect upon the 
mission, but supplied information that could be used for 
the temperature control of future spacecraft. All space- 
craft temperatures were within 2°F of their predictions, 
and all external equipment showed larger deviations, but 
all were well within tolerances. 

Although the open-circuit voltage of the standard solar 
cell had the predicted output, the short-circuit current 
of the standard cell was approximately 4% above the 
predicted preflight values. An investigation revealed that 
the current-sampling resistors used during the 80,OOO-ft 
balloon calibration were not those used for the Mariner V 
flight subsystem. The short-circuit current for the stan- 
dard solar cell was recalibrated on the basis of this infor- 
mation, and a new prediction was generated. 

The spacecraft continued to function in a very nominal 
manner. SPAC had completed the trajectory-correction 
maneuver planning, testing, and selection of the aiming 
point in concert with other project elements. To redeter- 
mine the spacecraft orbital parameters quickly and accu- 
rately, it was recommended that the trajectory-correction 
maneuver be performed as early as possible. A thorough 
evaluation of the available information indicated that 
the optimum date for the first trajectory-correction at- 
tempt would be June 19, 1967, during the DSS 11 pass, 
with June 20 and 21 as alternatives. 

3. Traiectory-correction maneuver. 

a. Midcourse muneuuer. The trajectory-correction ma- 
neuver (M) was initiated at 21:24:46 GMT on June 19, 
1967, and was successfully completed. Canopus acqui- 
sition was maintained until the inertial-control mode was 
established at M +60 min. Telemetry during the maneu- 
ver sequence verified that all turns were correct, and that 
the PIPS motor burn appeared to be normal. 

standard deviations. The CC&S was programmed for a 
17.651-s burn time, which is equivalent to 16.127 mfs in 
spacecraft velocity. The thrust chamber pressure telem- 
etry was 1 or 2 DN (1.5%) below the burning time 
estimation calculation (BUTEC) predictions, but well 
within tolerance. 

That the autopilot maintained the thrust-vector orien- 
tation of the spacecraft during the motor burn was in- 
ferred by the postmidcourse analysis of the pitch and roll 
turns. The analysis of the AC subsystem indicated large 
deflections of the jet vanes during the motor burn. The 
trajectory analysis indicated that a 15.392-m/s change 
in velocity occurred as a result of the motor burn, which 
was 4.5% (approximately 6 a) less than the desired motor 
burn. This moved the aiming point from B T of 81,483 
to 24,278 km; B R of 65,340 to - 14,855 km; and time 
of arrival from 03~53 to 17:59 GMT on October 19, 1967. 

The analysis of this problem is described separately 
in Section VI1 of this report. The trajectory-correction 
maneuver, although not optimum, did not violate any 
engineering constraints, and provided a Venus miss dis- 
tance of 2480 mi, which satisfied all of the science 
requirements and removed the necessity of performing 
a second trajectory maneuver. 

b. Battery sharing. The magnitude of the pitch turn 
(55.18 deg) was great enough to cause the deployed sun 
shade to shade the first few solar cells on the end of 
solar panel 4A7. This effectively cut off the current flow 
in each of the solar cells shaded. The solar cells were in 
three sections on each panel, arranged in series-parallel 
combinations to produce the desired current and voltage. 
When the current %ow from solar panel 4A7 was inhib- 
ited, the spacecraft went into a battery-share mode. 
When the spacecraft performed the 70.93-deg roll turn, 
solar panel 4A7 again became sunlit, and current began 
to flow. The end of solar panel 4A5 became partially 
shaded, so some sections did not produce current: The 
maneuver required a total of 2.33 A-h to be drained from 
the battery, which exceeded the predicted amount for 
unshaded, conducting solar panels. 

The CC&S was programmed for a 304-s pitch turn that 
had a 55.267-deg magnitude. The pitch turn accom- 
plished was a positive 55.18deg turn from trajectory 
information, which was a o&, turn in terms of 
deviations. The CC&S was programmed for a 380-s roll 
turn that had a 70.946-deg magnitude. The roll turn 
accomplished was a positive 70.93-deg turn from trajec- 
tory information, which was a 0.04-a turn in terms of 

The geometry of the S u n  shade in the deployed P s i -  
tion, the solar-panel celled surface, and the pitch turn 
was such that the end of the panel was certain to be 
shaded. It was thought that the cells would not conduct 
when shaded, and thus perform as if they were open- 
circuited, requiring additional battery drain. This was not 
a problem, as 53.17 A-h battery capacity remained. 
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c. Bay 2 primary sun-sensor temperature. During the 
trajectory-correction maneuver, the bay 2 primary sun 
sensor reached a maximum temperature of about 98”F, 
which was 12°F lower than predicted. These data were 
of considerable interest because the primary sun sensors 
represented a key factor in determining the pitch con- 
straint of a possible second midcourse maneuver near 
Venus encounter. The difference between the predicted 
and actual A T  was almost wholly attributed to a less- 
severe “soakback” from the motor burn than had been 
expected. Most of the increase in temperature was attrib- 
uted to solar heating, which agreed very well with 
predictions. The thermal analysis that constrained the 
pitch angle for near-sun maneuvers considered only that 
heat factor; consequently, the constraints generated before 
launch appeared to be realistic. 

d. Ultraviolet-photometer three-roll exercise. The start 
of sun reacquisition after the maneuver also switched 
the data encoder back to data mode 2. During the ma- 
neuver, science was on, but not read out, to allow more 
engineering data. The reacquisition of the sun was com- 
pleted at 23:21:18.99 GMT after a normal sequence of 
slightly over 7 min. Canopus was reacquired at 23:32:27 
GMT after a completely normal roll-search sequence. 
This reacquisition process also allowed the UV photom- 
eter to view an additional segment of the celestial sphere. 

The UV photometer observed the earth and its upper 
atmosphere following spacecraft separation, as had been 
predicted. The instrument also observed atomic hydrogen 
in the extended upper atmosphere and a lesser amount in 
the anti-earth direction during the magnetometer calibra- 
tion. These facts, plus the UV-photometer C-tube rest state 
of approximately 20 DN, which was slightly higher than 
predicted, caused the experimenter to request that the 
spacecraft be rolled following the midcourse maneuver. 

The decision to roll the spacecraft three times after the 
midcourse maneuver was successfully completed was 
based upon the potential scientific value to be gained 
and the fact that no spacecraft function was required 
that had not been successfully performed in this flight. 

The sequence was as follows: As soon as Canopus was 
acquired, command DC-V21 was sent to override Ca- 
nopus acquisition and to put the spacecraft into the 
normal ccw roll search. The first DC-V21 was observed in 
the data at 23:34:07 GMT. Each of the roll overrides was 
accomplished before the gyros turned off to reduce the 
power transients induced into the spacecraft. Each of 
the three rolls in the roll-search mode was completely 

normal, and Canopus was reacquired for the last time 
before Venus encounter at 02:06:20 GMT on June 20, 
1967. The gyros turned off approximately 200 s later 
preparatory to the cruise state following the trajectory- 
correction maneuver. These rolls allowed the UV pho- 
tometer to see, during each roll, some stars that were 
ultraviolet sources; data were also obtained that showed 
the northern galactic hemisphere to contain a higher 
concentration of atomic hydrogen than does the southern 
galactic hemisphere. 

e. Ultraviolet-photometer anomalies. Prior to the 
trajectory-correction maneuver, the UV-photometer cali- 
brate occurred on frame numbers divisible by 16, and the 
drift checks on frame numbers divisible by 16 with a 
remainder of 8. Following this maneuver, the calibrate 
occurred on frame numbers divisible by 16 with a re- 
mainder of 7, and the drift check occurred on frame 
numbers divisible by 16 with a remainder of 15. The 
analysis of this problem is described in Section VI1 of 
this report. 

The UV-photometer C-tube reading dropped from an 
average of 22 DN before the trajectory-correction ma- 
neuver to an average of 6 DN approximately 14 frames 
after the maneuver. The steady-state value of the reading 
remained an average of 6 DN after the rolls until the 
CC&S MT-6 event in July, when it increased to approxi- 
mately 38 DN. The analysis of this problem is described 
in Section VI1 of this report. 

During the three rolls for the UV photometer, each of 
the three tubes observed stars that were slightly outside 
of the UV-photometer FOV. An analysis was undertaken 
to understand where the three tubes were physically 
pointing. The error was found to be not sufficiently large 
to compromise the Venus-encounter data. This anomaly 
is discussed further in Subsection C-4 and Section VI1 
of this report. 

4. Interplanetary cruise. Following the reestablishment 
of cruise-mode operations after the trajectory corrections, 
the spacecraft entered the interplanetary-cruise phase 
of the mission. This phase continued until the start of the 
planetary-encounter phase on October 19, 1967. Included 
in the cruise phase were the following flight-operation 
sequences that modified the cruise configuration to some 
extent: 

The insertion of the maneuver minimum-turn and 
burn-duration commands as protection against a 
failure-induced, inadvertent trajectory-correction 
maneuver while the spacecraft was not being 
monitored. 
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The turning on and off of the spacecraft ranging 
receiver. 

The switching of the spacecraft transmitter from 
the triode-cavity power amplifier to the traveling- 
wave tube (TWT) power amplifier to maximize 
the probability of mission success. 

The turning off of the battery charger when the 
battery was fully charged. 

The DC-V15 roll-control mode command to make 
the loss of the roll reference less likely. 

The interplanetary-cruise portion of the mission included 
the execution of six CC&S master-timer (MT) commands 
and the occurrence of some minor anomalies. 

a. Minimum-maneuver commands. The minimum- 
maneuver commands were transmitted to the spacecraft 
following the CC&S maneuver-counter-overflow event 
(the first time that new values could be stored in the 
CC&S after the start of the trajectory-correction maneu- 
ver). The minimum-pitch-turn command (the first to be 
sent) was observed in the data at 02:20:13 GMT on 
June 20, 1967. The three commands were transmitted on 
5-min centers, and all produced the expected results. This 
series of commands was included at this point in the 
sequence to prevent the possibility of a maximum- 
duration maneuver occurring if the CC&S maneuver 
clock were activated as a result of certain possible com- 
ponent failures. This sequence was required because the 
Deep Space Network (DSN) could not track Mariner V 
continuously, as many other programs were being sup- 
ported concurrently. The pitch turn was of most concern 
because of the decreasing heliocentric distance as the 
spacecraft neared Venus. This constraint on pitch turn 
became increasingly critical until November 19, 1967. 
The maximum pitch turn that was not a potential thermal 
risk to the spacecraft was +20 deg. 

b. Ranging. The first time that Mariner V used the 
turn-around ranging capability was on June 20, 1967. 
At 02:39:00 GMT, a DC-V9 command was transmitted 
to activate the spacecraft ranging receiver to provide an 
additional independent data source for orbit redeter- 
mination after the maneuver. Ranging and doppler data 
could be used to determine whether a second trajectory- 
correction maneuver would be required. Using these 
data, it was determined that the second midcourse 
maneuver would not be required after 5 days of data had 
been acquired. 

Additional considerations associated with the turning 
on of ranging for the first time were as follows: A space- 
craft operating completely normally was required, and 
there was no known command action before the next 
CC&S cyclic. Concern about ranging was associated with 
a spacecraft-ranging problem discovered shortly before 
the launch of Mariner IV. All known sources of this 
problem (ranging receiver on induced RF self-lock) were 
designed out of the Mariner V spacecraft; for additional 
reliability, a ranging receiver turn-off function was added 
to the CC&S cyclic, which occurred every 6W3 h. 

Ranging-receiver performance was excellent throughout 
the mission, permitting use of ranging whenever the signal 
was above threshold, ranging time was available at the 
stations, arid the need existed for orbit-determination or 
celestial-mechanics data. 

When a DC-V9 command was transmitted to turn on 
the ranging receiver, many small indications showed that 
the command had been acted upon. An additional 0.7 W 
of 2.4-kJ3z power was required when the ranging receiver 
was on. The changes were not observed each time because 
the resolutions of the power channels were typically 1 W 
for channel 227 (2.4-kHz output amperes), 3.8 W for 
channel 203 (dual-booster input amperes), 1.8 W for chan- 
nel 225 (solar panel 4A7 amperes), and 2.1 W for channel 
205 (main-booster output amperes). The 0.7 W of addi- 
tional power also caused the temperatures of the following 
to change by 1 DN part of the time: bays 4 8 ,  Canopus 
sensor, tape recorder, and auxiliary oscillator (AO). 
The voltage-controlled oscillator (VCO) temperature in- 
creased by 1 or 2 DN each time. When the ranging receiver 
was switched off, all of the readings returned to their 
preranging levels. 

All of these changes were normal. They were not 
observed during the testing phase because of the small 
magnitude of the changes that required complete steady- 
state conditions before making the change of state. 

At 23:45:00 GMT on June 26, 1967, a DC-V9 com- 
mand was transmitted, and the ranging receiver was 
turned off. This toggle capability of DC-V9 was checked 
to ensure that emergency-command action could be 
taken to correct any future failure or problem in any 
subsystem. 

The Mark I (lunar) ranging system did not reach 
threshold until July 7, 1967. At that time, the geocentric 
range was in excess of 6 X lo6 km. This was an uplink,’ 
received signal level of approximately - 120 dBmW, 
which was much better than originally predicted. 
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c. Roll transient. At 21:08:20 GMT on June 23, 1967, 
a roll transient was observed. The Canopus sensor ob- 
served a bright object, and tracked it for several seconds. 
Optical control of the roll axis was not lost, and it took 
11.5 min for the roll-limit cycle to return to normal. 
Mariner ZV had many roll transients during its flight, 
necessitating an in-flight operational mode change. A 
Mariner V design change was made to remove the roll 
override associated with Canopus intensity, which was 
too high. The change proved to be very effective; more 
than 20 roll transients were observed in the Mariner V 
data, and none caused a loss of roll control. 

Several models were proposed to explain the tran- 
sients; the one that appeared to best fit the data in all 
cases attributed the transients to dust particles illumi- 
nated by the sun. This theory accounted for the large 
error signals observed, which could not be explained in 
terms of normal spacecraft motion. One of the hypotheses 
offered to explain the roll transients was that micro- 
meteoroids impinging on the spacecraft either knocked 
loose dust held to the spacecraft electrostatically or pro- 
duced spalling (possibly of thermal-control paint), and 
that these secondary particles passing through the view 
of the Canopus sensor were responsible for the sensor 
brightness readings. 

d. Power amplifier switching by command. Early in 
the Mariner V flight, a formal recommendation was made 
to SPAC by telecommunications personnel to switch the 
radio to the TWT amplifier via ground-command action. 
This action represented the implementation of a radio 
flight plan formulated before launch. The recommenda- 
tion was approved by SPAC, the Space Flight Operations 
Director (SFOD), and the project manager. Command 
action (DC-V7) was initiated on June 27, 1967, at 00:28:00 
GMT, and the transfer from the cavity amplifier to the 
TWT amplifier was successfully completed. 

This decision, which was based upon an evaluation of 
the characteristics of the two different amplifiers, was 
based upon the following considerations: The TWT had 
a predicted lifetime far in excess of the minimum 
Mariner, Venus 67 mission requirements, and its known 
failure modes led to immediate, catastrophic failure. 
The cavity amplifier, however, was known to show defi- 
nite aging effects that limited its useful lifetime to ap- 
proximately twice the length of the Mariner Venus 67 
Mission. 

I t  was necessary to use the cavity amplifier for launch 
because the TWT did not have the low-power mode 
required for the launch phase; if the cavity amplifier 

were employed throughout the flight, however, it was 
probable that aging would degrade its performance ap- 
proximately 2 dB by Venus encounter. This would have 
amounted to approximately 4 dB less capability, com- 
pared to the TWT, for obtaining RF  occultation data. 
Consequently, operation of both the cavity amplifier and 
the TWT would be required for a successful mission. 
However, if the TWT were employed from some early 
point in the flight, it would be capable of serving for the 
entire mission (barring catastrophic failure). In case of 
TWT failure at some later time, the cavity amplifier 
would be available, undegraded by excessive use, for 
the balance of the flight. Thus, the mission could be 
successfully completed if either the TWT or a combina- 
tion of the TWT and cavity amplifier were capable of 
operation. The additional backup capability afforded 
by the latter mode of operation led to its adoption for 
the flight. 

Another factor contributed to the decision to transfer 
to the TWT by ground command: The spacecraft was 
designed with the capability to automatically transfer to 
the TWT by ground command from one power amplifier 
to the other if the amplifier output were to drop below 
a fixed point. Because the most likely failure mode of the 
TWT was catastrophic failure, automatic switching to 
the cavity amplifier would occur in case of such a failure. 
However, the most likely failure mode of the cavity 
amplifier was gradual degradation; therefore, if com- 
mand capability were lost, the spacecraft could reach a 
state in which the cavity amplifier output was highly 
degraded, and yet not degraded enough to cause auto- 
matic switching to the TWT. 

After the switch had been made from the cavity to the 
TWT amplifier, and the battery charger had been turned 
off, the low-gain-antenna mast temperature rose 11°F 
because of increased RF losses with higher TWT output. 
This effect had been observed in the simulator tests, and 
was not unexpected. If losses were uniform in the wave- 
guide, about 0.5-W dissipation would account for this 
temperature rise. The magnetometer temperature also 
rose 4 OF, indicating better-than-expected coupling with 
the low-gain antenna mast. 

e. Battery charger turn-off. On June 27, 1967, at 
00:58:00 GMT, the battery charger was turned off. The 
battery charger had returned 5.64 A-h to the battery 
since the maneuver, and it was fully charged with a 
capacity of 58.8 A-h. In an effort to demonstrate Xong- 
term battery storage in space, it was decided to keep 
the Mariner V battery fully charged during the flight 
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and not to trickle-charge it. The battery performance 
data could then be compared with those from Mar{:ner IV 
to determine the better storage technique. 

The battery-charger-off power transient produced a 
data-encoder deck skip and a malfunction in the DAS- 
read UV-status bit. The status bit normally alternates 
one, zero, one, zero, etc. Following the DC-VB com- 
mand, the bit remained a zero two frames in a row, thus 
changing the sequence. This behavior had no effect on 
any of the science instruments. Both of these events had 
occurred during system testing, and were not considered 
abnormal. 

f. Central computer and sequencer master timer euents. 
Six CC&S MT events occurred during the interplanetary- 
cruise phase of the Mariner Venus 67 mission. Although 
all of the commands issued by the CC&S were correctly 
transferred to the appropriate spacecraft subsystems, 
several anomalous indications accompanied the first com- 
mand. 

The first MT command issued was the bit-rate switch 
event (MT-6), which occurred on July 24, 1967, a t  
19:19:21 GMT. The data encoder responded normally, 
switching from a rate of 33% to 8% bits/s. 

The data encoder responded to the MT-6 event by 
properly switching to 8% bits/s and producing two 
events in register 2 because the CC&S cyclic (CY-1) 
No. 15 occurred at the same time. The investigation that 
followed revealed that the CC&S was so mechanized 
that, whenever a cyclic and an MT event occurred si- 
multaneously, the cyclic relay was set 20 ms before the 
MT relay. The secondary set of relay contacts is capaci- 
tively coupled to the event-register circuit, with a time 
constant less than 20 ms. Two events were generated 
20 ms apart. The data encoder can respond to events 
that are approximately 4 ms apart; therefore, this condi- 
tion was normal. 

The UV-photometer tube-C readings changed from 
an average of 6 to an average of 38 DN following MT-6. 
The predicted reading after MT-6 had been 20 DN. The 
investigation that followed indicated that the triggering 
voltage was at a steady-state level when the data were 
sampled at 8% bits/s. This same voltage was in the 
transient stage and still increasing when the reading was 
sampled at 33% bits/s. Because of these results, it 
was desirable to perform two tests in the postencounter 
phase. A detailed discussion of this problem is contained 
in Section VI1 of this report. 

The ground-received automatic gain control (AGC) 
from the spacecraft increased from -147.6 to -146.6 
dBmW, as observed by DSS 14 (the Goldstone Mars site, 
210-ft antenna) at MT-6. At the same time, DSS 11 (the 
Goldstone Pioneer site, 85-ft antenna), which was con- 
currently tracking the spacecraft, reported an increase 
from - 152.28 to - 151.5 dBmW. The spacecraft ranging 
receiver was turned off by CC&S CY-1 No. 15, which 
would typically produce an increase of 0.7 dBmW. The 
signal-to-noise ratio (SNR) estimator had been set up at 
DSS 11 to monitor the MT-6 event. The SNR increased 
6 dB, as was expected in the bit-rate change. The data- 
subcarrier SNR was observed to increase about OS- l  dB 
with respect to the carrier. It was impossible to tell 
whether this was because of the bit-rate change or noise- 
modulation removal because of ranging receiver turn-off. 
A bit-rate change was planned for inclusion in 1968 
during the extended mission to answer this question. A 
test to resolve this problem was attempted with the rang- 
ing receiver off after Venus encounter. The station AGC 
(SAGC) did not appear to change within the station 
resolution, and it became apparent during later data 
evaluation that the SNR estimator was not set up 
correctly; these latter data were thus invalidated. 

The UV-photometer temperature increased 2°F more 
than predicted following the bit-rate change. This unex- 
pected temperature rise could be attributed to an increase 
in internal power dissipation of approximately 0.5 W 
within the instrument. Investigation indicated that this 
condition was normal. The duty cycle of the high-voltage 
power supply located in the sensor changed, leaving the 
high-voltage power supply on for a longer period at 
8% bits/s than at 33% bits/s, and resulting in an aver- 
age power-consumption increase of approximately 0.5 W 
in the instrument. This was not observed during testing 
because a steady-state condition must be reached before 
the bit-rate change and after it. Three days were re- 
quired to establish that this was a real effect in flight. 

The first Canopus-sensor cone-angle update (MT-1) 
was issued by the CC&S on August 24, 1967, at 08:41:33 
GMT (as observed on earth). The event was normal in 
every respect in so far as the data were concerned, and 
telemetry subsequently verified that the cone angle had 
changed from the preset position of 79.68 deg to the 
MT-1 position of 84.45 deg (CC&S CY-1 No. 26 occurred 
concurrently, and produced the other expected event). 

The second Canopus-sensor cone-angle update { MT-2) 
was observed in the telemetry data on September 10 at 
00:41:52 GMT (CC&S CY-1 No. 32 occurred concur- I 

rently, and produced the other expected event). The 
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event was normal in every respect, and telemetry sub- 
sequently verified that the cone angle had changed to 
90.04 deg. 

The third Canopus-sensor cone-angle update (MT-3) 
was received in the data on September 26, 1967, at 
16:42:43 GMT (CCSlS CY-1 No. 38 occurred concur- 
rently, and produced the other expected event). All data 
indicated a cone-angle update to 95.19 deg, which was 
normal in every respect. 

The fifth CC&S MT command issued was the trans- 
mitter switch to the high-gain antenna (MT-5), which 
occurred on October 1, 1967, at 16:43:08 GMT. The 
SAGC changed from a reading of -165.4 to -156.8 
dBmW following MT-5. This was well within the pre- 
dicted signal-level change for the antenna-earth cone 
and clock angles. All of the expected changes were veri- 
fied in the data. The removal of all RF losses from the 
low-gain antenna mast caused the antenna to drop 19°F 
in temperature. The magnetometer sensor also decreased 
significantly (7"F), indicating that the conductive cou- 
pling between the sensor and mast was quite good. 

The fourth Canopus-sensor cone-angle update from 
95.19 to 100.26 deg by a CC&S command (MT-4) oc- 
curred at 14:04:14 GMT on October 10, 1967. The event 
was normal in every respect (CC&S CY-1 No. 43 oc- 
curred concurrently, and produced the expected event). 

g .  Temperature-control references. The temperature- 
conti-ol reference (TCR) performance proved that inde- 
pendence from net absorbed solar thermal energy must 
be used for planetary spacecraft thermal design. 

The S13-M white TCR went off scale on July 23,1967, 
only 39 days after launch. The apparent solar absorptance 
had changed from 0.20 to 0.326 in a period that had 
been predicted to be from 60 to 100 days. These data 
indicate that more laboratory testing is required. The 
0.12 change in absorptance in 900 h compares to two 
separate laboratory tests of 1200 and 1500 h wherein the 
results were 0.06 and 0.02, respectively. This rapid degra- 
dation was on a treated white paint that was formulated 
to improve stability for application in spacecraft design. 

The S-13 white TCR went off scale on August 1, 1967, 
which was 32 days earlier than predicted from laboratory 
tests. The white paint on the TCR (the type used on the 
spacecraft for thermal control) was used, even though 
degradation was known to be relatively high, because it 

was the best characterized white paint available (S13-M 
was flown to AFETR for the S12-M TCR). The degrada- 
tion rate was quite rapid for the first 4 days, after which 
the rate approached that of the S13-M sample. The solar 
absorptance of S-13 became a fairly constant 0.07 higher 
than the S13-M sample (on July 20, S-13 was 0.388, com- 
pared to S13-M of 0.319). This clearly shows that S13-M 
is a better white paint that, unfortunately, nevertheless 
degrades. 

Thermal shades and shields were used on the Mariner V 
spacecraft for protection against direct-sunlight degra- 
dation of the white paint. The black TCR used Cat-A-Lac 
black paint, and went off scale on October 27, 1967, 22 
days after the nominal expected time. Bleaching of ap- 
proximately 4% of the black TCR had occurred by the 
time it went off scale. This black paint was used widely 
on the spacecraft where high absorptivity is required. 

h. Thermal deviations. The thermal predictions were 
within tolerances for all measurements where the mate- 
rial properties did not change from those predicted. The 
lower thermal-shield temperature increased faster than 
expected because of degradation (darkening) of the 
Teflon outer layer; the effect upon the bus temperatures 
was negligible. The increased temperature did not repre- 
sent a threat to the shield materials, which have a failure 
limit of 300°F compared to a predicted perihelion tem- 
perature of 249°F. Higher temperature on the lower 
thermal shield did, however, affect the plasma-probe 
and sun-sensor temperatures. 

The primary sun-sensor temperatures had increased 
19°F more than predicted by October 2, 1967. This in- 
crease was not considered a problem for encounter, but 
the extrapolation of these data to perihelion produced a 
prediction of 175°F for the bay 6 primary sun sensor. 
Although this estimate was conservative (high), it caused 
some concern because the upper type-approval (TA) 
level was 167"F, and a prolonged life test at 175°F was 
the only one run. The upper failure limit was thought 
to be over 200°F. (Indium solder melts at 230°F). 

Nearly 20% of the increased temperature was thought 
to be caused by the darkening of the lower thermal 
shield, which increased the infrared input to the sides 
of the assembly and pedestal. The balance of the tem- 
perature rise was probably caused by a shifting of the 
solar shade towards the bus and by the reflectance prop- 
erties of the Teflon. These would cause additional heat 
input to the sides of the pedestal and sensor assembly. 
Other possible causes could be flaking paint, transducer 
detachment, simulation inaccuracies, or a reduction in 
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conduction coupling. Of these possibilities, only the flak- 
ing paint is probable, as the same effects occurred on 
the plasma probe. 

were not telemetered during encounter. The reason for 
the small pointing error has not been determined. 

i. Expected deviations. Many minor Mariner N anom- 
alies were not considered serious enough to require 
modification of the Mariner V design. These minor 
anomalies are briefly listed below to document that the 
Mariner spacecraft performed as designed, 

The plasma-probe temperature was above the 
predicted level by October 2, 1967. This was not a 
problem at but caused Some concern at 
perihelion where the temperature was 293°F (at the 
transducer location). The critical component at high tem- 
perature is the high-voltage grid ring, which melts at 
347°F. The grid ring probably was about 20°F warmer 
than the transducer at perihelion, providing a reasonable 
margin. The deviation from prediction was apparently 
caused by degradation (darkening) of the lower thermal 
shield and degradation of the S-13 white paint on the 
sides of the plasma probe. These effects increased the in- 
put of radiated infrared and reflected solar energy from 
the shield. 

i. Ultraviolet-photometer pointing. The UV photometer 
observed the star Pi-Scorpii on August 22 and 23, 1967. 
Tube C peaked at approximately 120 DN, and tubes 
A and B each peaked at approximately 60 DN. The read- 
ings of each tube and the AC position were combined 
to determine the direction in which the tubes were 
pointing. The results were: 89.6 k0.2 deg cone and 95.7 
~ 0 . 2  deg clock for tube B; 90.2 &0.2 deg cone and 
95.5 3~0.2 deg clock for tube A; 90.5 ~ 0 . 2  deg cone 
and 95.7 k0.2 deg clock for tube C. These compared to 
90.0 ~ 0 . 2  deg cone and 95.5 k0.2 deg clock required 
for each tube. 

The UV phorometer observed the star Tau-Scorpii on 
August 29-31, 1967. Tube C peaked at approximately 
160 DN, and tubes A and B peaked at approximately 
90 DN. As expected, all tubes responded to the AC limit- 
cycling during the observation, and these data were used 
to refine the exact UV-photometer pointing angles. The 
results were: 89.4 -10.2 deg cone and 95.8 k0.2 deg 
clock for tube B; 90.3 20.2 deg cone and 95.7 k0.2 deg 
clock for tube A; and 90.3 k0.2 deg cone and 95.8 k0.2 
deg clock for tube C. 

The tolerance between t w  sun sensors and the UV- 
photometer mounting pad was measured before launch as 
6 s of arc. The allowable tolerance for the UV-photometer 
mounting pad was k0.5, but was actually much better. 
The tolerance between the boresight of the tubes and the 
UV-photometer mounting pad was not measured, but 
was specified at k0.2 deg in accordance with other 
measurements. 

This minor pointing error has no effect upon the 
encounter data because the error was small and AC data 

Frequency shift at CY-1. The Mariner V spacecraft- 
transmitted frequency increased by about 5 Hz at 
S-band frequency during the CC&S CY-1s. To achieve 
this effect, the station had to be in one-way RF lock with 
the spacecraft at the cyclic, and two-way RF lock had to 
be acquired during the previous 66% h. The shift was 
produced by a slight loading of the A 0  supply voltage 
by logic circuits (whose state was controlled by the 
CC&S CY-l), which occurred every 66% h. This effect 
was used to determine the CC&S timing more exactly. 
The accurate timing capability was used before the 
trajectory-correction maneuver to obtain desired tele- 
metry during certain specific portions of the maneuver. 

Postinjection propulsion system propellant decompo- 
sition. On August 22, 1967, an increase of 4 psi in the 
PIPS propellant-tank pressure was observed in the data. 
This change in pressure occurred earlier than predicted 
upon the basis of increasing temperature alone. The 
pressure increase was caused by an incompatibility be- 
tween the propellant-tank butyl-rubber bladder and the 
hydrazine fuel, or (more literally) from propellant decom- 
position. This situation was noted during the Mariner IV 
flight, and was not a problem because the total change in 
pressure by the end of the mission amounted to only 
16 psi. 

Auxiliary-oscillator stability. The stability of the A 0  
was very important to the mission because most of the 
Venus atmospheric data could only be obtained with the 
S-band occultation experiment going into and emerging 
from occultation in RF one-way lock. The A 0  was the 
frequency source of the RF  signal when the spacecraft 
was in one-way RF lock with the receiving antenna on 
earth. Plots of both the A 0  frequency shift during warm- 
up and the A 0  frequency stability were made at various 
times during the mission. This A 0  information enabled 
the S-band occultation experimenters to gain confidence 
in the repeatability of the warmup transient and the 
stability of the A 0  frequency. In general, the plots fol- 
lowed a predictable pattern, although occasionally an , 
unexplained small deviation (on the order of -13 Hz 
at S-band in most cases) occurred. 
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The most notable deviation occurred on July 23, 1967, 
between 02:44:00 and 03:34:00 GMT, when a change of 
15 Hz at §-band took place. No correlation between 
spacecraft activity or DSN station operation could be 
made. Checks of the A 0  frequency after the deviation 
verified that the A 0  continued to operate very well, and 
that all deviations were well within stability-specification 
limits. Few (if any) correlations could be made between 
spacecraft or ground activity and the deviations from the 
normal warmup transients. 

In future spacecraft designs, where the A 0  may be 
required for an experimental frequency source, the A 0  
should be energized at all times, and be designed with 
temperature compensation built in. The present A 0  
varies at a rate of approximately 350 Hz at S-band for 
each degree Fahrenheit of change. 

k. Telecommunications grayout. Before launch, tele- 
communications predicted that a period (grayout) would 
exist when the spacecraft antenna sum of the negative 
tolerance (- 158.5 dBmW) would not have the required 
gain to telemeter data that could be demodulated after 
they were received by a standard 85-ft Deep Space 
Instrumentation Facility (DSIF) antenna. It was also 
predicted that a period (blackout) would exist when the 
antenna nominal tolerance ( -  164.5 dBmW) would not 
have the required gain to telemeter data that could be 
demoduIated after being received by a standard 85-ft 
DSIF antenna. The predicted grayout period was ap- 
proximately September 5-29, and the blackout was 
September 23-28, if the switch to high-gain was com- 
manded on the first day possible. The CC&S MT-5 
command was chosen for October 1, 1967, which ensured 
a good signal after the switch to the high-gain antenna. 
During the planning phase, the blackout period required 
that the 210-ft antenna be used to receive telemetry. 

Spacecraft performance followed the nominal predic- 
tions quite closely. After September 20, all stations 
reported signal levels less than -164.5 dBmW, for the 
greater part of each pass, until the switch on October 1. 
Useful data continued to be received after September 20. 
There were several reasons for this, none of which could 
be assured during the design phase. The DSN improved 
its performance on the 85-ft antennas approximately 
1.4 dB by using a receive-only feed that reduced system- 
noise temperature. Two stations (DSS 12 and DSS 51) 
made modifications so that a 3-Hz loop bandwidth was 
used instead of the standard 12-Hz loop bandwidth. 
These two improvements yielded increased signal levels 
of approximately 3 db. 

An additional aid was the introduction of a digital 
demodulation technique (DDT) computer program in 
half of the telemetry and command processor (TCP) 
computers at DSS 12 and DSS 51. This DDT program 
replaced the standard demodulator, and enabled the 
system to maintain telemetry lock at a lower signal level. 

The AC limit-cycle motion also produced large differ- 
ences in signal level during part of the grayout period. 
This was caused by two separate antenna phenomena: 
(1) The interferometer effect caused by the earth being 
aligned with the first side lobe of the high-gain direc- 
tional antenna while the spacecraft was transmitting via 
the low-gain antenna caused a maximum of +-2.5-dB 
difference in the received signal strength; because this 
pattern was not large in terms of degrees, the AC limit- 
cycle motion caused the antenna to change pointing direc- 
tions, which varied the size of the interferometer effect. 
(2) After the switch to transmitting via the high-gain 
antenna, the AC limit-cycle motion caused large variations 
in signal strength because the earth was just coming into 
the antenna pattern in cone and clock angles. Small angle 
changes produced large signal-level changes. 

1. Cruise flight-testing for encounter. A few questions 
were raised in the design and planning of the encounter 
sequence that required flight testing. Each of these 
sequences was first tested under laboratory conditions, 
where large numbers of tests could be performed to 
obtain statistical results. After successful completion of 
the laboratory testing, a series of tests was performed on 
the flight-support spacecraft. These tests proved that the 
results did not change when the tests were performed 
in the total spacecraft environment. At this point, a 
presentation of successful test results was made to the 
project manager to show the advantages of each of 
the sequences during encounter. The project manager 
approved four of the five suggested changes, and these 
four were tried on the flight spacecraft well in advance 
of Venus encounter, thus to provide recovery time if 
any unforeseen development occurred. 

The first test was conducted on July 22, 1967, with the 
transmission of DC-V9 to activate the ranging receiver. 
The test objective was to demonstrate that, with the 
spacecraft received carrier power reduced to the lowest 
expected uplink signal (-136 dBmW for this test), acti- 
vation of the ranging receiver would cause a momentary 
drop of RF lock. (This happens because the ranging 
receiver uses the same power supply as the R F  receiver; 
when ranging is turned on, the RF receiver VC0,reacts 
to the voltage change by producing a frequency transient. 
When the RF receiver momentarily drops lock, it causes 
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the command subsystem to drop command lock as it did 
in this case.) The command was normalized for this test 
so that it was unable to reacquire lock itself. The test 
provided several useful items of information. The most 
important of these was the possibility that, when the RF 
lock was dropped, it might lock up on the command 
sideband, requiring turn-off of command modulation to 
regain RF lock. This possibility did not occur during this 
or any of the flight tests; however, if it had, command 
would have been reapplied with an offset frequency to 
regain lock. In this test, it would have been necessary to 
offset the frequency to regain lock if that had been 
desired. 

On July 27, another DC-V9 was transmitted to activate 
the ranging receiver. This command was sent at a strong 
signal level (- 123 dBmW), and produced a momentary 
command out-of-lock indication. The command was out 
of lock for such a short time that lock was reacquired 
even though command was normalized. Because relock 
with command normalized could not be assured, tests 
were then run with a non-normalized command subsystem. 

It was recognized that sending commands with a non- 
normalized command subsystem provided a time saving 
of approximately 20 min at encounter (approximately 
5 min to verify command lock, 1 min to change fre- 
quency, 9 min for two-way transmission, and 5 min to 
verify that solid command lock was still present). The 
first command to be sent without normalizing the com- 
mand subsystem was a DC-V9 at 23:55:00 GMT on 
October 5. All subsequent commands were successfully 
received by the spacecraft, using this method. For the 
same reasons, this method of sending commands was used 
successfully during the Mariner IV encounter with Mars. 

It was recognized that, if the ground-transmitted 
frequency could be updated with command modulation 
on and command in lock, SPAC could react to any prob- 
lem more quickly. The previous method was to remove 
the command modulation, adjust the ground-transmitted 
frequency so that the spacecraft static phase error (SPE) 
stayed near zero (would go through zero) during the 
next period, then reapply command modulation and re- 
acquire command lock. The first test of varying the SPE 
with command in lock was performed on October 14, 
1967. The successful completion of the test allowed this 
sequence to be included in the encounter planning. The 
tuning rate of 3 cycles/min at the VCO was established 
as the safe rate at which to tune the ground transmitter. 
As an added safety measure, the tuning was done at the 
times established with the old sequence so that, if a 

problem occurred, there would be recovery time before 
the next critical event. 

The last approved test was the application of ranging 
modulation while command modulation was applied and 
command was in lock. This test, successfully performed 
at 13:27 GMT on October 6, was desired to iiicrease the 
total time during which ranging data could be gathered 
before encounter, and to allow ranging closer to the 
point of entering occultation. The latter capability 
allowed a potential increase in astronomical-unit (AU) 
resolution from 40 to 7 km. One change was made in 
the amount of suppression for ranging modulation when 
used with command modulation. When applying ranging 
modulation, 9 dBmW of suppression was usually used; 
however, this, totaled with command-modulation sup- 
pression (3.2 dBmW), exceeded 10 dB and approached 
the nonlinear operating range of the radio subsystem. 
Tests indicated that 6 dBmW of suppression for the 
ranging modulation allowed all subsystems to operate 
normally when command modulation was on. This value 
was used in all flight tests and in the actual operations. 

The last test discussed, but declined by the project 
manager, was ranging during the transmission of com- 
mands. This capability would have provided additional 
ranging time by not requiring the removal of ranging 
modulation at least 10 min before any command action, 
then reapplying ranging modulation and reacquiring 
ranging lock. This capability was not granted on the 
basis that unknown interaction might exist that could 
not be planned for and could potentially abort encounter, 
whereas the added ranging capability would not signi- 
ficantly increase the value of the mission. 

m. Planetary ranging. The spacecraft ranging receiver 
functioned independently of both the lunar-ranging 
and the planetary-ranging subsystems. The lunar- and 
planetary-ranging subsystems were both used during the 
Mark I (lunar) capability period to ensure that the 
new experimental planetary-ranging subsystem was func- 
tioning properly. After the Mark I ranging subsystem 
reached threshold on July 7, the planetary-ranging sub- 
system was used until it reached threshold for the 
low-gain antenna on July 30, 1967. This produced rang- 
ing data to a geocentric range in excess of 12 X loG km at 
an uplink signal strength of approximately - 123 dBmW. 

After the MT-5 event that switched the transmitter 
to the high-gain antenna, the planetary-ranging capabil- I 

ity was again used on October 10, 1967, and data were 
gathered through Venus encounter. The ranging receiver 
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was commanded on for the last time at 19:58 GMT on 
November 10, 1967, when ranging data were acquired. 
This was at a geocentric range in excess of 104 X loG km. 
Planetary ranging was tried unsuccessfully on the last 
day of Mariner V operations (November 21, 1967). Three 
separate attempts to lock up the range code, each of 
30-min duration, were unsuccessful; the ranging receiver 
was then turned off in preparation for long-term cruise. 

n. Establishing encounter initial conditions (DC-VI 5). 
The only action required to establish the initial condi- 
tions for encounter was a modification of the AC logic. 
The DC-V15 command was transmitted at 14:25:00 
GMT on October 10, 1967. This command (Canopus gate 
inhibit override) removed the low-brightness gate, and 
prevented the gyros from coming on if Canopus or sun 
acquisition were lost. The normal AC mode that had 
been used until then had performed very well. This 
mode was preferred while the spacecraft could not be 
tracked continuously because, if Canopus acquisition 
had been lost, the gyros-on event would have recorded 
that fact even while the spacecraft was not being tracked. 
Mariner V had been subjected to many roll transients, 
indicating that, under normal conditions, the normal 
mode functioned well. During encounter, however, the 
APAC would occur. The APAC event could possibly 
dislodge from the spacecraft particles that might pass 
in front of the Canopus sensor FOV. If the particle were 
moving slowly enough, and remained in the FOV long 
enough, it would have been possible for the spacecraft 
to track the particle and lose Canopus acquistion. In 
the normal mode, the spacecraft would go into the ccw 
roll-search mode as soon as the particle moved out of 
the FOV. The search rate was 7 deg/min, which meant 
that all outgoing occultation data would be lost if the 
particle were on the ccw side of Canopus. With DC-V15 
in effect, the Canopus sensor would acquire another 
object when the particle left the FOV. It was considered 
unlikely that the spacecraft would track a particle more 
than a few degrees from Canopus; therefore, some useful 
occultation data should be possibly independent of roll 
direction. The DC-V15 produced the expected event in 
the data encoder when it was received. The command 
was sent on October 10, 1967, to provide a rather long 
operational experience base before encounter operations 
began. The AC performance was as expected during the 
time up to encounter, which reduced the total concern 
for encounter operations. 

5. Planetary encounter. The basic design of the 
Muriner V spacecraft provided for a completely auto- 
matic planetary-encounter sequence without any ground 
action required. Because the ground-command option 

was available, however, there were a number of possible 
backups to the onboard functions; in addition, there 
were a number of alternate modes that might have been 
superior to the normal mode of operation. 

To provide the best possible sequence of events for 
encounter, the Venus encounter planning working group 
(VEPWG) was formed in July 1967. The VEPWG was 
to operate in parallel with SPAC to investigate all space- 
craft encounter-related operations and modes, and to 
recommend to the Mariner Venus 67 project manager a 
detailed sequence of events for encounter. The VEPWG 
was composed of appropriate SPAC, flight-path analysis 
and command (FPAC), space science analysis and com- 
mand (SSAC), DSIF, DSN, SFOD, and S-band occuIta- 
tion experiment representatives, with the Mariner V 
SPAC director as chairman. Also formed was the occulta- 
tion working group for the purpose of recommending 
the configuration of the SFOF, the DSIF stations, and 
the spacecraft, during occultation of the spacecraft by 
Venus, to provide the most meaningful occultation data. 

The objectives of the VEPWG were as follows: 

(1) Develop an encounter sequence that provides the 
maximum assurance of obtaining useful experi- 
mental instrument and occultation data. 

(2) Determine the operational mode that provides the 
greatest assurance of maintaining atitude stabiliza- 
tion throughout encounter, thereby assuring real- 
time planetary field and particles data and 
occultation data. 

(3)  Provide for full use of backup methods for all 

(4) Select appropriate alternate modes for any opera- 
tions that are both functionally critical and time- 
critical. 

critical functions. 

A recommended encounter sequence of events 
(Fig. VI-3) was formulated by the SPAC director on 
the basis of the VEPWG findings, and was approved by 
the Mariner Venus 67 project manager. 

A problem in the Mariner Venus 67 encounter opera- 
tions was transmission delay between earth and the space- 
craft, although the problem was not as severe as it had 
been for the Mariner Mars 1964 encounter. Approximately 
4.5 min were required from data transmission at the 
spacecraft until data presentation in SPAC; more than 
4.5 min were required from command initiatiorz at a 
DSN station until command execution at the spacecraft. 
Therefore, immediate response to anomalous indications 
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in the data could reduce the effective reaction time in 
an emergency to only about 9 min. Because most of the 
commands to be transmitted during the planetary 
encounter were time-critical or functionally critical, it 
was most important to prevent accidental losses of com- 
mand lock, and (in case any occurred) to provide for 
minimum-time reacquisition of the command loop. 

a. Planetary acquisition and record sequence. The 
encounter sequence was initiated with the transmission 
of DC-V25 from DSS 41 at 02:49:00 GMT on October 
19, 1967. The time was selected to permit the start of 
the encounter sequence before the CC&S MT-7 event. 
A station transfer was required just before MT-7; there- 
fore, DC-V25 had to be sent approximately an hour 
earlier than would have been required otherwise. This 
DC-V25 time also fulfilled another criterion: There had 
to be sufficient time before a possible APAC (for a failed 
DAS clock A decode-enable switch) event so that cor- 
rective action could be taken. The tape recoder starting 
the record sequence early would have been the indicator, 
and the corrective action would have been to turn off 
science to reset the DAS frame count. 

The DC-V25 was observed in the data at 02:58:25 
GMT; spacecraft response was normal; the tape recorder 
subsytem 2.4-kHz power was turned on; the terminator 
sensor was energized; and power levels and temperature 
increased as predicted. These indications meant that 
the science-on/overload-inhibit override was probably 
on, as desired. The backup DC-V25 was not required. 

A normal, two-way RF transfer was made from DSS 
41 to DSS 62 at 03:49:02 GMT. The nominal magnetom- 
eter calibration occurred at the normal 58-h interval at 
04: 11:OO GMT. Command modulation was reapplied, 
and was in lock at 04:28:09 GMT. This established a 
spacecraft status that could respond to anomalies if any 
occurred at the CC&S MT-7 event. 

The CC&S MT-7 event was observed in the telemetry 
at 04:45:05.8 GMT; inasmuch as it had been preempted 
by DC-V25, however, it had no effect upon spacecraft 
performance. 

The DSS 62 transmitter was turned off at 04:50:00 
GMT, and one-way RF lock was established at 04:59:29 
GMT to perform the last test of A 0  stability and warm- 
up characteristics before committing the spacecraft to 
enter occultation. The received signal was highly stable, 
and increased in frequency as predicted. The test was 
terminated by turning on the DSS 62 ground transmitter, 
which switched the frequency reference for the exciter 
to the VCO for two-way RF lock at 05:58:13 GMT. 

Command modulation was applied and command in- 
lock was established at 06:30:07 GMT to prepare for 
DC-V9 to turn on the ranging receiver. The spacecraft 
was operating normally, so DC-V9 was transmitted at 
08:50:00 GMT. The ground receiver dropped lock 
at 08:59:28, and reacquired it at 08:59:30 GMT, with 
approximately 1-dBmW decrease in signal level. The 
spacecraft command subsytem was out of lock until 
09:01:49 GMT, when the spacecraft returned to normal 
with ranging on. Each of these events was normal; the 
DC-V9 command was sent at that time for the following 
reasons: (1) To recover from this kind of event, and to 
return to normal before DC-V24 was required; (2) to 
allow confirmation that ranging was on in data mode 2; 
and (3) to have the ranging receiver on before DSS 14 
rise to maximize the ranging time available (planetary- 
ranging equipment was available only at DSS 14). 

The command to begin the DAS encounter mode 
(DC-V24) was transmitted at 1O:SO:OO GMT. The switch 
to data mode 3 occurred at 10:57:29 GMT, along with 
the DAS status bits indicating that DAS clock B was 
enabled, the plasma probe had gone to mode 3, and 
the planet-sensor excitation was on. The DC-V24 com- 
mand was sent before the CC&S MT-8 event to set up 
the DAS logic so that only one DC-V24 would be re- 
quired to inhibit DAS clock B if it malfunctioned. Send- 
ing DC-V24 before MT-8 also provided evidence that 
the command functioned. 

The CC&S MT-8 event occurred at 11:25:GG GMT 
as a change in DAS status bit 16. Since DC-V24 had 
preempted MT-8, this was the only change. The plasma 
probe completed a cycle before it actually switched to 
the new mode. Consequently, the DC-V24 command 
set up the plasma-probe mode 3 logic, but the instrument 
did not go to mode 3 operation until 11:28:OO GMT. 

The operation and performance of the spacecraft was 
completely normal up to this point; therefore, command 
modulation was removed at 11:31:00 GMT to allow two- 
way RF transfer from DSS 62 to DSS 14. The two-way 
transfer was completed at 11:47:00 GMT, and command 
was in lock at 12:30:19 GMT. The time to acquire com- 
mand in-lock is a variable, and for planning purposes 
12 min had been used. In this case, approximately 4 min 
were required, so the application of ranging modulation 
was moved up from 12:44:00 GMT to maximize ranging 
time. The planetary-ranging modulation was applied at 
12:35:00, and was in lock at 12:48:35 GMT. Ranging 
modulation was turned off at 14:u):OO GMT in prepara- 
tion for the transmission of DC-V16. 
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The DC-V16 command (start encounter backup clock) 
was a timed command. Two criteria were used for select- 
ing the transmission time: (1) It was desired to select a 
time based upon the latest available trajectory data 
(E-4 h) so that DAS clock A would provide APAC 
backup at the center of occultation. This was an attempt 
to obtain potentially the most data for any atmosphere. 
(2) It was desired to obtain a DFR modulation phase- 
measurement (DAS word 21) in an even-numbered DAS 
frame as close as possible to (but no later than) 195 s 
before closest approach. This would be the most useful 
single item of DFR data that could be obtained in real 
time. 

The transmission time for DC-V16 was selected as 
14:31:43 GMT, which would provide the DFR measure- 
ment in frame 208. The read-write-verify (RWV) was 
set up in the automatically timed start mode, which 
was the mode used for all prior commands. The initiation 
of the automatic mode at 14:31:00 started as expected; 
however, at 14:31:03 GMT (40 s early), the RWV tape 
reader began to read the tape. It took 27 s before the 
RWV began to transmit the command; therefore, no 
command bits were sent because the command modu- 
lation was removed before the command left the ZWV. 
The onboard spacecraft system continued to operate well, 
which meant that the primary function would complete 
encounter in a nominal manner. 

While DSS 14 transferred to the backup RWV and re- 
established command lock, a trade-off analysis was made. 
Three courses of action were available: (1) To do nothing 
and assume that the primary system would function flaw- 
lessly, providing all real-time as well as recorded data. 
(2) To send DC-V16 as soon as possible, and allow DAS 
clock A to back up the tape-record functions. The backup 
APAC function would be late; therefore, it had to be 
timed to occur after exit occultation to ensure that APAC 
would not take place while the reduced upper-atmosphere 
exit-occultation data were being acquired. (3) To send 
DC-V16 quickly, followed by DC-V5, which would cause 
the bit rate to switch to 33% bits/s; then, at the proper 
time, send DC-V5 again to switch back to 8% bits/s, thus 
increasing the frame-counting rate for a specified length 
of time. If all of this went well, the spacecraft would have 
been back to normal, as if nothing abnormal had occurred. 
On the other hand, if the operations went badly, all 
encounter data might be lost. This would occur if the 
DAS did not supply valid data to the tape recorder at 
3345 bits/s (not a required spacecraft mode) and APAC 
occurred early (before Venus) so that the second DC-V5 
could not be transmitted, 

The second possibility was the only one that seemed 
reasonable, as it was not yet known why the RWV had 
started early. There seemed to be little risk in simply 
sending DC-V16, and it provided most of the required 
backup capability. The command subsystem was in lock 
at 14:49:06, and DC-V16 was transmitted at 15:01:43 
GMT. The DC-V16 command was sent this time in the 
RWV manual mode. The expected reaction to DC-V16 
was observed in the data at 15:11:36 GMT. The DAS 
reset the frame count to zero, and set two status bits, the 
DC-V16 bit and the clock A decode-enable bit. It was 
later determined that the malfunction was caused by a 
bent pin in a cable connector between the frequency and 
timing subsystem and the RWV. The bent pin was in 
the 10-s digit complement in the 4 (4,2,1) position; 
therefore, at 03 and 43 s, the OR gate was satisfied to 
initiate this command in the automatic mode. The man- 
ual mode does not use the timing function, and so it 
bypassed the problem. 

The station began to tune the ground transmitter 
VCO at 15:15:18, and completed tuning by 15:45:43 
GMT. Ranging modulation was applied at 15:47:00, and 
was in lock at 16:00:24 GMT. Ranging modulation was 
removed at 16:30:00 GMT in preparation for the record 
mode. 

The planet sensor output (PSO) was provided at 
16:34:22 GMT. This inhibited UV-photometer calibrates, 
caused the DAS to begin issuing “start tape” commands 
every 50.4 s, and caused the track 1 data record to start. 
The far limb of Venus passed out of the planet sensor FOV 
at 16:38:24 GMT. This behavior was completely normal 
in function and time of occurrence. The planet sensor 
started DAS clock B, which in turn started the tape- 
recorder record mode, and was the primary method (as 
discussed in the DC-V16 problem description). 

The DC-V9 command to turn off the spacecraft rang- 
ing receiver was transmitted at 16:40:00 GMT. This 
command increased the spacecraft-received signal 
strength by 0.7 dBmW, providing the capability to go 
slightly deeper into the atmosphere during occultation. 
The spacecraft was performing in a very nominal man- 
ner, so command modulation was removed at 16:41:30 
GMT, and the ground transmitter was turned off 30 s 
later. This prepared the spacecraft for the desired one- 
way RF mode to enter occultation. 

The tape recorder started recording data on tape 
track 2 at 16:46:46 GMT. The normal onboard command 
to start this record sequence came from DAS clock B. 
Data recorded on track 2 are DFR data plus a few 
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housekeeping bits. The A 0  began warmup at 16:50:52 
GMT for the occultation experiment. 

A second PSO occurred at 17:15:02 GMT. Th’ is was 
not expected in that it had been overlooked. One minute 
was required to verify from the planet sensor 1620 pro- 
gram output in hand that this would have been expected 
at this time if it had been looked for. During the design 
phase, in fact, this second limb had been considered for 
triggering the record sequence, but the limb was too 
close to the planet for the desired record time, and the 
plan was discarded. The planet sensor stopped providing 
a near-limb output at 17:18:34 GMT. This PSO had no 
effect on the spacecraft because the first PSO had 
started PAS clock B. 

b. Occultation. The spacecraft S-band RF signal was 
lost on the closed-loop receiver at DSS 14 (Mars site, 
210-ft antenna, Goldstone) at 17:39:08 GMT on Octo- 
ber 19, 1967, as Mariner V entered the earth-occultation 
region of Venus. Four Goldstone S-band stations were 
tracking the spacecraft during the occultation experi- 
ment: DSS 14 was prime because of the extra capability 
afforded by the 210-ft antenna; DSS 13 was the primary 
backup because of its lower system-noise temperature; 
and DSS 11 and DSS 12 provided additional backup. All 
stations were able to acquire usable data. The open-loop 
receiver at DSS 14 was able to maintain lock until 
17:42:05 GMT, providing additional data. 

The terminator sensor provided its output, which 
caused APAC to occur in the data, at 17:46:51.4 GMT. 
These data were actually the recorded data, as was 
determined during the playback. The 17.6-deg APAC for 
the S-band high gain produced a decrease of approxi- 
mately 2-3 dBmW in ground-received signal strength. 

The closest approach to Venus occurred at 17:34:55.841 
GMT (at the spacecraft). The altitude above the Venusian 
surface was 4094 km, using a Venus radius of 6056 km. 
On earth, this event took place during the occultation, 
and was derived from the FPAC trajectory data. The 
orbit was nearly as predicted. For planning purposes 
3 mo earlier, the closest-approach time of 17.34 1+2 min 
GMT had been used. The orbit-determination program 
output at E-6 h produced a closest-approach time of 
17:34:56 GMT; at E-4 h, the value was not directly 
predicted, but was observed indirectly by predicting the 
times when PSO, terminator sensor output (TSO), and 
enter- and exit-occultation should occur, as well as by 
predicting spacecraft frequency changes caused by the 
doppler effect. All were very nominal for this encounter. 

The spacecraft S-band and RF system began exit oc- 
cultation, which allowed the DSS 14 receiver to acquire 
lock at 17:59:59 GMT. The received signal strength was 
3 dBmW lower than before occultation, giving an early 
indication of a successful APAC. The predicted time for 
exit occultation, based upon the entire occultation time, 
was accurate to approximately 1 min. The DAS real- 
time data confirmed the APAC event after the demodu- 
lator acquired lock. All spacecraft data indicated a 
completely normal encounter. 

The DSS 12 transmitter had been turned on at 17:52:00 
GMT, with a transmitter frequency for closest approach 
plus 1370 s at the spacecrzft (17:57:45 GMT). This fre- 
quency was chosen to acquire all of the denser atmos- 
pheric data in one-way lock and the ionospheric data in 
two-way lock. This would prevent the possibility of 
acquiring two-way lock and losing it again before a solid 
two-way lock could be established. The attenuation 
effects of the Venusian atmosphere and the doppler ef- 
fects caused by the mass of Venus combined to prevent 
the spacecraft best-lock frequency from reaching the 
transmitter frequency. After the atmospheric effects had 
diminished to zero, the doppler effects of Venus had re- 
duced the best-lock frequency so that the best-lock 
frequency went away from the uplink signal, 

When the ground receiver did not acquire two-way 
lock at 18:02:11 GMT as had been predicted, many 
questions were raised. The unknown nature of the Venus 
effects made it uncertain whether the frequency had 
been too low and would acquire soon or had been missed 
for some other reason. It soon became apparent that 
two-way lockup had been missed as previously described. 
So that none of the one-way RF data that were being 
acquired would be lost, it was decided to reduce the 
DSS 14 acquisition frequency to the expected value, and 
go to two-way lock at the time of the scheduled DSS 14 
takeover from DSS 12. In retrospect, since the atmosphere 
and doppler effects are now known, the spacecraft would 
have acquired lock if the prediction had been based on 
a frequency for 13 s later. The loss of data as a result of 
not going to two-way lock at the desired time consisted 
of a reduction of resolution in the upper-atmospheric 
data and the loss of some celestial-mechanics data that 
would have provided information for the determination 
of higher-order terms in the Venus gravity equations. 

The DFR consisted of two receivers aboard the space- 
craft; consequently, the times reported in this document 
are for the earth-observed effects of the spacecraft. 
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The DFR had been receiving a signal from the Stan- 
ford transmitter since station rise. The 49.8-MHz signal 
had been acquired at 11:05:42, and the 423.3-MHz sig- 
nal at 11:09:04 GMT. The 49.8-MHz signal dropped 
lock because of earth occultation at 17:38:10, and the 
423.3-MHz signal lost lock at 17:39:00 GMT. At exit 
occultation, the 423.3-MHz signal was reacquired at 
18:00:31, and the 49.8-MHz signal acquired solid lock 
at 18:03:13 GMT. There was also a short period, from 
18:00:51 to 18:Ol:ll GMT, when the 49.8-MHz signal 
was obtained. The DFR performed very much as had 
been predicted for occultation. The Stanford ground an- 
tenna used is a 15O-ft, parabolic, steerable antenna using 
transmitter powers of 350 kW at the lower, and 30 kW at 
the higher, frequency. 

c. Completion of record sequence. The DSS 14 trans- 
mitter was turned on at 18:17:00 GMT. Two-way RF 
lock was re-established at 18:19:00 GMT. The DSS 14 
station was used for two reasons: (1) DSS 14 was the 
only station that had the capability of planetary rang- 
ing, and (2) the extra uplink capability of this station 
could be used for commanding the spacecraft even if it 
lost roll control. It was important to acquire two-way 
lock early after occultation to obtain two-way doppler 
data. These data were needed for orbit determination 
(for flight use as well as for the celestial-mechanics ex- 
periment). 

The APAC backup command was given by DAS 
clock A at 18:19:10 GMT, as expected. The terminator 
sensor had performed the APAC function during occulta- 
tion, so only the DAS status bit changed at that time. 
After the data encoder switched back to data mode 2, an 
extra event was found, which indicated that a path to 
ground existed through the squib-combustion products. 
This type of event first occurred on Mariner ZI, and 
occurs roughly 25% of the time. 

The commands to end track 2 data and to stop sensing 
“start tape” commands were given by DAS clock B at 
18:34:18 GMT. The tape recorder turned the record 
motor off at 18:41:51 GMT, when the EOT foil passed 
over the record heads. Clock B also stopped the record 
sequence at  18:47:45 GMT, removed plasma-probe 
mode 3, and switched the data encoder to data mode 2. 
Each of these events occurred on schedule, and the 
spacecraft continued to perform in an excellent manner. 

The command subsystem was in lock at 18:51:03 GMT, 
allowing the ranging-receiver-on command \IDC-VS) to 
be transmitted at 19:OO:OO GMT (10 min earlier than 

scheduled). “Ranging modulation on” was observed in 
the data at 19:25:17 GMT. The ranging code was locked 
up within the next 40 min, and remained in lock until 
after ranging modulation was removed at 21:48:00 GMT 
because of station (DSS 14) set. 

d .  Postencounter-prepluyback cruise. The earth sensor 
was receiving straylight from Venus when the switch to 
data mode 2 took place. The Venus clock and cone angles 
were such that the straylight continued to be observed 
by the earth sensor until data mode 4 started again at 
20:09:32 GMT on October 21, 1967, during the second 
playback. 

The temperature effects of the encounter with Venus 
were evident when the spacecraft switched back to data 
mode 2. The high-gain antenna registered an increase 
in temperature of 34°F from -151°F; the temperature 
later decreased to -130°F. The difference between the 
latter value and the peak was attributed to the thermal 
input from Venus. This behavior was as predicted. The 
APAC event reduced the radiative coupling between 
the high-gain antenna and the upper thermal shield, and 
increased the coupling between the high-gain antenna 
and the solar panels, resulting in a temperature decrease 
of 12°F for the upper thermal shield and an increase of 
21°F for the high-gain antenna. The magnetometer was 
14°F warmer (18°F) and the low-gain antenna was 
23°F warmer (-60°F) at the time of first data after 
encounter. The magnetometer temperature returned to 
pre-encounter levels, and the low-gain antenna tempera- 
ture increased 4°F because of the effects described 
above. The spacecraft bus performed as expected; tem- 
peratures increased 1-2°F because of the effects of 
Venus. 

The DSS 14 transmitter was turned off on time. This 
produced an out-of-lock condition at 21:59:03 GMT be- 
cause of the spacecraft switching from the VCO to the 
A 0  (RF one-way mode). The stability of the A 0  re- 
mained normal, and produced the expected warmup 
curve. This was a postcalibration test for the S-band 
occultation experiment. The A 0  test ended at 23:00:41 
GMT, when two-way RF lock was re-established with 
DSS 41 as predicted. The Stanford station was set .at 
23 : 10: 00 GMT, completing the real-time, near-Venus 
DFR data. 

The second roll transient in the near-Venus environ- 
ment was observed in the AC data at 00:40:28 GMT on 
October 20, 1967. This roll transient showed that the 
roll-position readout had been approaching the cw 
limit-cycle edge at about 3 prad/s, and suddenly went to 
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the ccw limit-cycle edge at approximately 170 pad/s. A 
normal limit-cycle reversal is 14 prad/s for both valves 
firing once. The roll motion was back to normal within 
10 min. Two other roll transients in the near-Venus en- 
vironment, at 20:20:12 GMT on October 19 and at 
08:04:50 GMT on October 20, were less dynamic. 

The two-way RF handover from DSS 41 to DSS 62 
went smoothly at 04:19:00 GMT on October 20. Com- 
mand modulation was applied, and command was in 
lock at 06:16:21 GMT for any malfunction that might 
occur at the beginning of the Venus-recorded data play- 
back. The spacecraft had performed exactly as planned 
throughout the entire Venus-encounter sequence. 

6. Playback. The tape-recorder playback was initiated 
by the CC&S MT-9 event at 07:25:23.4 GMT on Octo- 
ber 20, as observed in the data. The switch to data 
mode 4/1 was confirmed by approximately 50 s of 
mode 4 data. These were the last Venus data recorded 
on track 1. The track 1 recording continued until the 
EOT stopped the tape-record motor. Track 2 recording 
was commanded off approximately 7 min before EOT, so 
no data were near the EOT foil on track 2. The data 
mode 1 data (engineering) that started at 07:26: 12 GMT 
indicated that all subsystems were performing properly. 
The CC&S MT-9 event was registered, and turn-on of 
the tape-recorder playback motor was observed in the 
power readings. 

The track l/data mode 4 test pattern began at 07:44:33 
GMT, exactly as the readout of these data occurred in 
the prelaunch tests. This demonstrated the tape-recorder 
playback capability and the proper functioning of the 
tape-recordeddata-encoder interface. The track 1 test 
pattern ended at 08:00:36 GMT, and switched the data- 
encoder 4/1 logic back to data mode l. The engineering 
data were normal, so command modulation was removed, 
and command went out of lock at 08:15:04 GMT. 

The switch to data mode 4 at 08:15:38 GMT started 
the playback of some old test data. The tape did not 
always stop in exactly the same place at the end of the 
launch because of temperature effects on the launch 
motor, bearings, and tape. The launch mode ended on 
the tape where the record run-up started. This was as 
expected, and the Venus-data playback started a t  
08:17:52 GMT. All of the recorded data appeared very 
normal. Every eighth bit was an encounter, real-time 
bit. These were compared with the data received on 
earth in real time while the record sequence was oc- 
curring. These bits also filled in the data gap caused by 
the earth occultation. 

Two-way and three-way doppler data and ranging 
data were desired during the playback phase to rede- 
termine the spacecraft orbit, and also to provide a larger 
data base for the celestial-mechanics experiment. Very 
few cases of dropping two-way lock had occurred during 
the cruise phase; therefore, the decision was made to 
risk a few minutes of data outage to o3tain these data. 
The condition was added that one-way lock would be 
used if uplink data anomalies occurred frequently. As it 
happened, only one data anomaly occurred, and it was 
during the second playback. When the spacecraft came 
up over DSS 14, the ranging code was locked up by 
12:23:34 GMT; ranging was continued until 21:39:00 
GMT, when ranging modulation was removed. 

The track 1 Venus-data playback ended at 01: 13:Ol 
GMT on October 21, 1967, when the EOT foil switched 
the playback heads to track 2. Command modulation was 
applied just before EOT in case the switch to track 2 
did not take place. The mode 1 data at the beginning of 
the tape ended when the track 2 test pattern started at 
01:32:59 GMT. The test pattern was unchanged from 
the prelaunch test readouts. The test pattern ended, and 
the 4/1 logic switched back to data mode 1 at 01:49:03 
GMT. All subsystems were performing normally, so 
command modulation was removed. 

The first playback of the track 2 Venus data started at 
03:58:08 GMT. This playback went very smoothly until 
16:44:58 GMT, when CC&S CY-1 No. 47 turned off the 
spacecraft ranging receiver. This produced a small re- 
ceiver anomaly at DSS 12; the data were obtained by 
using the predemodulator tapes at both DSS 12 and 
DSS 11. The track 2 playback ended at 18:18:29.7 GMT 
when the switch to data mode 1 took place. 

Command modulation was applied so that DC-V9 
could be sent to turn on the ranging receiver, and also 
in case the switch to track 1 did not occur after EOT. 
The DC-V9 was observed in the data at 18:54:44 GMT. 
All indications were normal for the ranging-receiver-on 
mode. The EOT occurred at 19:18:17 GMT, which 
switched the tape back to track 1 and a very normal 
second playback. This second playback was necessary to 
ensure the recovery of any data missing from the first 
transmission, and to provide duplication of the remainder 
of the data for purposes of comparison. 

Four bits were missing from the first playback, and 
five different bits were missing from the second playback. 
The dropped bits were a known playback phenomenon 
that occurred when tape-recorder-playback phase lock 
was dropped momentarily and the motor ran faster to 
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relock up and “squeezed out one bit. This gave a bit- 
error rate of 0.45 X for this type of problem, which 
is a factor of 2 better than the specification for the total 
of 2 X lo6 bits. Spot checks of the data from both trans- 
missions confirmed that the data were repeatable. It was 
planned, therefore, to return the spacecraft to the cruise 
mode after the end of the second playback. 

It was known that the tape recorder would be re- 
quired in at least one UV-photometer experiment in the 
future. This meant that, in order to have the mode 1 
data for spacecraft evaluations between tracks, the tape 
had to be positioned as it had been before the Venus 
encounter. This was accomplished after the start of the 
third playback on track 1. The playback could be termi- 
nated and cruise mode restored by the transmission of 
DC-V2, which would inhibit the playback motor and 
switch to data mode 2. The DC-V2 command was trans- 
mitted at 07:55:00 GMT, and was observed at 08:04:54 
GMT. Data mode 2 indicated that all of the science 
instruments were functioning correctly. The 2.4-kHz 
power to the tape-recorder electronics was turned off to 
protect the spacecraft from any possible failure in the 
tape-recorder subsystem while its energizing was not 
required. The DC-V28 command, which turned off the 
tape-recorder 2.4-kHz electronics, and turned the battery 
charger on or off, was transmitted at 08:25:00 GMT, 
and was observed at 08:35:27 GMT. Telemetry verified 
that the tape-recorder 2.4-kHz power was turned off, and 
that the battery charger was turned on. The battery 
charger was charging at a 15-mA rate, and was left on 
to completely charge the battery. This was an effort to 
put the battery in the mode (fully charged) that was least 
likely to degrade during the warm period around peri- 
helion. All science instruments and engineering sub- 
systems were now back to a cruise condition, thereby 
:nding the playback sequence. 

7. Postencounter cruise. The spacecraft continued to 
perform well throughout the final month of Phase I of 
the Mariner Venus 67 mission. This phase consisted 
mainly of operations to obtain additional calibration 
data for the UV photometer, communication subsystem 
performance tests, and conditioning for long-term helio- 
centric cruise. 

a. Bit-rate-change test. The results of the CC&S MT-6 
event in July produced an interest in switching bit rates 
after encounter. The signal level in the transmit high- 
gain antenna mode was such that, on October 25, a 
switch to 33% bits/s was commanded. The results of 
the DC-V5 command were observed in the data at 

16:39:32 GMT, when the data encoder switched to 
33% bits/s. The UV photometer tube C had been read- 
ing a DN of 28 previously; this changed to about 4.5 DN 
after DC-V5 had been transmitted. This was the pre- 
dicted value based upon the change in values that took 
place at CC&S MT-6. 

The data encoder was switched back to 8% bits/s at 
20:44:33 GMT (as observed on earth) as a result of 
another DC-V5. The UV-photometer tube C retraced 
its change in DN, indicating that, for this level of signal, 
a conversion from 33% to 8% bits/s could be made 
with a fair amount of confidence. The SAGC and the 
SNR estimator were also monitored closely because of 
the signal-level changes associated with the CC&S MT-6 
when the ranging receiver was turned off upon switching 
from 33% to 8% bits/s. Ranging was off before this 
bit-rate-change test was started. The SAGC did not 
appear to change within the station resolution. It was 
discovered later, during the evaluation of the data, that 
the SNR estimator was not set up correctly, so that the 
data were worthless. A bit-rate change will have to be 
tried in 1968 during the extended mission to answer this 
question. 

The command DC-V5 had been transmitted at 
17:07:00 GMT in an attempt to switch back to 8% bits/s. 
The DSS 12 RWV, which was in command lock, dropped 
ground sync during the sixth transmitted bit, producing 
an error indication. The RWV operator was instructed 
to drop command modulation, which was completed 
before the ninth bit was transmitted. This prevented a 
command from being decoded by the spacecraft. The 
backup RWV would not go into mode 2 verify when it 
was brought on line; therefore, operations were stopped 
at DSS 12 for equipment repair. The command was 
transmitted by DSS 41, as explained above. The follow- 
ing day, DSS 12 again had RWV problems, and the 
scheduled commands were sent from DSS 41. 

b. Postencounter cmcise conditioning. The AC sub- 
system had been commanded to the DC-V15 mode be- 
fore encounter. At this time, the tracking stations could 
no longer be committed to 24-h coverage of Ma.rine.r V. 
This necessitated returning the spacecraft to the normal 
mode so that, if roll control were lost, the spacecraft 
would automatically search to Canopus. This would also 
provide a gyros-on event that would be stored and 
provide data for the nontracked periods. The DC-VI9 
to restore the normal AC mode was seen in the data at 
21:05:56 GMT on October 26. 
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After approximately 84 h of charging, the battery was 
fully charged with 60 A-h capacity, which was an in- 
crease of 1.2 A-h during the charging period. The DC-V28 
that turned off the battery charger was observed on 
earth at 21:23:51 GMT. A data-encoder deck skip of the 
low and low-low decks took place as a result of the 
battery-charger-off transient. Deck skips associated with 
this function were very common during the test phase, 
and were considered normal. 

c. Three spacecraft rolls for W photometer. The UV- 
photometer-cognizant scientist and the project scientist 
requested that the spacecraft be rolled three times on 
November 7,1967. At this time, the spacecraft had com- 
pleted 180 deg of a revolution in the heliocentric orbit 
from the point at which the three rolls following the 
midcourse maneuver had been performed. A roll at that 
point would expose the UV photometer to the same space 
and stars, but in the opposite order from the earlier 
rolls, This roll would be performed with the data en- 
coder at 8% bits/s, whereas it had been at 33% bits/s 
during the former exercise. This would provide an addi- 
tional calibration of the UV photometer that could be 
used for evaluation of the 33% bits/s data. The project 
manager approved the exercise on the basis that the 
value to be gained appeared to be worth the very small 
risk. 

On November 7, 1967, the exercise was initiated by 
transmitting DC-V26 at 09:15:00 GMT to cause a 
power-on reset of the DAS logic circuits when DC-V25 
was sent. The completion of the encounter sequence had 
set up the DAS logic so that another record sequence 
could not be performed unless a power-on reset were 
performed. The DC-V26 was observed in the data at 
09:26:47 GMT, when all science was off. The DC-V25 
was observed in the data at 09:31:51 GMT. At that time, 
the science came back on, the tape-recorder 2.4-kHz elec- 
tronics were energized, and the data encoder switched 
to data mode 3. The UV photometer was reading the 
same values as it had before DC-V26, indicating that its 
performance was repeatable. All other subsystems were 
performing as expected. The DC-V16 command was 
transmitted to the spacecraft to start DAS clock A, which 
controlled the tape-record sequence that was needed to 
obtain the UV-photometer and DFR data recorded dur- 
ing the active exercise. The DC-V16 was observed on 
earth at 10:24:46.8 GMT, when the science frame count 
reset to zero, the DC-V16 DAS-status bit was set, and 
the clock A-decodes-status bit was set. It was desired to 
watch the exercise in data mode 2 so that the AC 
motion could be used for determining the direction in 
which the spacecraft was pointing as a function of time. 

The results of the DC-V2 were observed in the data at 
10:42:09 GMT. The tape recorder turn-on had produced 
an event-register reading that was now observed in 
data mode 2 (this had frequently occurred in testing, 
and so was not surprising). 

The DFR acquired lock with the Stanford transmitter 
at 11:24:59 GMT. A station transfer was completed from 
DSS 62 to DSS 14, and command was back in lock at 
approximately 12:02 GMT. Mariner V was tracked by 
DSS 14 for only 4 h, starting at  11:25 GMT, be- 
cause DSS 14 was required for a Surveyor landing backup. 
The DSS 14 site was required for Mariner V to command 
and receive signals while the spacecraft was rolling. 

The tape recorder started recording data on track 1 at 
12:25:48 GMT as a result of the DAS clock A output. 
At 12:27:54 GMT, the spacecraft began to roll in the 
Canopus search as a result of the first DC-V21. The space- 
craft had rolled into the first deep null in the high-gain 
antenna pattern by the time DC-V12 was received at the 
spacecraft. As a result, the spacecraft dropped lock and 
the command was not received, causing loss of real-time 
data for that period. These data were later recovered by 
processing the predemodulation tape with the 7094 DDT 
program. 

When the spacecraft signal was again seen in the real- 
time data, the second DC-V21 was transmitted. The space- 
craft reacquired Canopus at 13: 13:OO GMT, completing 
the first full roll. The second DC-V21, which started the 
second roll, was observed in the data at 13:24:30 GMT. 
Two DC-V12s were sent to the spacecraft 4 min apart 
to switch the spacecraft transmitter to the low-gain 
antenna. The first DC-V12 arrived at the spacecraft after 
it had rolled away from the interferometer pattern and 
command was back in lock. The spacecraft switched to 
transmitting via the low-gain antenna at 13:32:00 GMT, 
and data were available in real time. Canopus was ac- 
quired at 14:11:25 GMT, completing the second roll. 

Two DC-V2ls were sent 6 min apart before Canopus 
was acquired to start the third roll search. The first 
DC-V21 (third in the sequence) started the roll, and was 
observed at 14:14:00 GMT. The EOT stopped the record 
mode approximately one-third of the way through this 
third roll, at 14:33:30 GMT. Canopus was acquired at 
15: 12:45, completing the third roll and the exercise. 

The spacecraft was commanded to transmit via the 
high-gain antenna to restore communication with the 
standard DSIF 85-ft antenna. The signal strength in- 
creased from -166 to -140 dBmW, at 15:26:07 GMT 
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when DC-V10 was observed. The spacecraft was now 
ready to play back the recorded data, but Mariner V was 
not scheduled to be tracked until the following day. 

The playback of the recorded three-roll exercise began 
with the transmission of DC-V4 at 21:OO:OO GMT on 
November 8,1967. The start of playback was observed on 
earth at 21:11:59 GMT. Track 1 data were played back 
to supply much finer detail on the UV-photometer obser- 
vations. These data consisted of two readings every 2.4 s, 
compared to three readings every 50.4 s for the real-time 
data. The EOT switched to track 2, and the analog DFR 
data started playback. These data were played back to 
acquire an in-flight calibration of the DFR antenna 
patterns. Again, the DSIF antennas were committed to 
other spacecraft; therefore, a DC-V2 was transmitted to 
stop the playback until the following day. The tape 
recorder went to the standby mode, and the data encoder 
went to data mode 2, at 19:57:07 GMT. 

Playback was resumed at 05: 12:25 GMT on Novem- 
ber 9, when DC-V4 was observed in the data. Tape track 2 
completed its playback, and the EOT switched back to 
track 1. The tape playback was again stopped by DC-V2 
at 19:10:24 GMT, when the tape was positioned as it 
had been before encounter in preparation for future 
record sequences. The DC-V28 command was then trans- 
mitted to turn off the tape-recorder 2.4-kHz electronics, 
as described earlier. This command also turned on the 
battery charger, which indicated normal performance. 
A second DC-V28 was transmitted to turn off the battery 
charger, and was observed in the data at 19:42:53 GMT, 
returning the spacecraft to its normal cruise condition. 
The ranging receiver was turned on approximately 15 min 
later by DC-V9. This established the mode that allowed 
ranging to be performed on the following day. This was 
the last time that ranging was successfully accomplished. 

The UV-photometer data thus obtained indicated that 
the tube-C background level was approximately 20 DN 
at the start of the roll, and increased in a cyclic manner 
8 DN. The data from the three rolls were in very close 
agreement, and indicated that the northern galactic 
hemisphere contains more hydrogen than does the 
southern. This result had been observed at 33% bits/s, 
but the change was only 2 DN with a 6-DN background 
level because of the different scale factor. Detailed analysis 
the data by the cognizant scientist is continuing. 

The DFR data obtained from the playback enabled the 
cognizant scientist to compare the antenna pattern with 
earth-based measurements. The antenna pattern at 
423.3 MHz was the same, and the 49.8-MHz pattern was 

similar. The latter had slight deviations caused by fluc- 
tuations in the ionosphere of the earth and the propagation 
path. The cone angle at which the roll was performed 
was not the encounter cone angle, but it nevertheless 
provided a calibration of the earth-based measurements. 

d. Communications tests. A series of tests of the com- 
munications subsystems was proposed to the project office 
by the radio- and command-subsystems cognizant engi- 
neers. These tests would be conducted exactly as a series 
of tests had been at the end of Phase I of the Mariner 
Mars 1964 mission, and as laboratory tests had been made 
of the Mariner V equipment. The results of these tests 
would then be compared with the laboratory results to 
determine whether any degradation had taken place in 
the space environment. These tests were approved by the 
project manager on the basis that they were similar enough 
to normal operations that they would not be a risk to the 
spacecraft, and would provide additional performance 
data. 

The test series was started on November 13, when the 
first half of the SPE test was performed. The ground- 
transmitter VCO frequency was slowly varied at 4 Hz 
from the best-lock frequency with a spacecraft-received 
signal level of -128 dBmW. The tuning was stopped 
every 50 Hz to obtain stable readings. The transmitter 
VCO was forced to +625 Hz without dropping lock, and 
to -491 Hz on another day, when a too-rapid change 
in frequency caused a drop in lock. It was concluded that 
the receiver characteristics of the VCO and detector were 
unchanged because the static-phase-error curve matched 
the prelaunch test curve. 

The AGC threshold test was performed on November 14. 
Two-way lock was established with the spacecraft, and 
the station transmitter power was reduced to 1 kW. With 
a 100-kHz signal phase-modulating the transmitter, the 
carrier was suppressed in 1-dB increments to threshold. 
The R F  threshold was measured to be about - 151 dBmW 
at the best-lock frequency. This test was repeated with 
t50 and k100 Hz offset to the station transmitter VCO. 
The receiver AGC curve and threshold were unchanged 
from the prelaunch values. 

The command-lock threshold test was performed on 
November 16. Two-way lock and command lock were 
estabiished, and transmitter power was reduced until the 
spacecraft-received power was about - 138 dBmW. Then 
the carrier was suppressed in 1-dB increments, as in the 
AGC threshold test, with phase-modulation of the 100-kHz 
signal. The command threshold, which was defined as 
the point at which the common subsystem was in and 
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out of lock for equivalent intervals, was found to be 
- 146 dBmW. This was the same level that was measured 
before launch at 8% bits/s, and indicated that the receiver 
noise value and the SNR of the command output of the 
receiver had not degraded. 

e. Solar-panel radiation degradation. The solar panels 
appeared to have degraded approximately 12.5% by the 
end of the mission. This degradation was approximately 
linear during the mission because there were no large 
solar flares to cause degradation as there had been for 
Mariner IV. The basis for the degradation was the stan- 
dard cell readings, which were assumed to be an accu- 
rate indication of the panels. The short-circuit current of 
the I,, -Voc transducer cell had decreased 8% from the 
predicted value. The open-circuit voltage had decreased 
5.5%. Maximum power was then calculated by draw- 
ing the new current-vs-voltage curve. The open-circuit 
voltage changed about 1% for each 2°C temperature 
difference; therefore, an error in prediction of tempera- 
ture could affect the results significantly. This amount 
of degradation would not affect spacecraft performance 
because the spacecraft would always be inside the Venus 
orbit, where the solar-panel capability greatly exceeds 
the requirement (the solar panels were sized for the near- 
earth condition). The P-on-N type of solar cells used for 
Mariner V were known to degrade significantly because 
of radiation, so this result was not unexpected. 

f. Pointing UV photometer at MT-6 point in celestial 
space. The UV-photometer tube-C reading had gradually 
reduced from an average reading of 36 DN after the 
CC&S MT-6 event in July 1967. This reading was ap- 
proximately 24 DN by the middle of November. It was 
not clear whether this indicated a real change in the 
hydrogen density or a change in the sensitivity of the 
instrument. During the roll exercises, indications were 
that the northern galactic hemisphere had a higher read- 
ing than the southern. These readings tended to agree 
with the performance, but the rolls were at a celestial 
longitude of 267.5 deg. The CC&S MT-6 event occurred 
at a celestial longitude of 300 deg, so it was desired to 
roll the spacecraft at that point. The spacecraft would 
have reached that point on November 25, which would 
be after the telecommunication threshold had been 
reached. The data were obtainable earlier by pitching to 
the intersecting plane, then rolling to the CC&S MT-6 
point in space. 

This exercise required performing an encounter se- 
quence (to record the data on the tape) and a midcourse- 
maneuver sequence (to pitch and roll) simultaneously, and 

had been performed successfully on the spare spacecraft 
in the Spacecraft Assembly Facility. Consequently, the 
project manager approved the exercise for the in-flight 
spacecraft. 

The exercise started on November 19, 1967, with the 
transmission of QC-Vl-1 at 13:OO:OO GMT. This was the 
required pitch turn of - 17.18 deg to place the spacecraft 
roll axis perpendicular to the intersecting plane. The 
QC-Vl-2 command was an 1800-s roll, which exceeded 
the spacecraft capability and allowed the spacecraft to 
roll approximately +313 deg. (At f 1 7 3  deg, the W 
photometer was pointed at the CC&S MT-6 point.) This 
roll inhibited the motor-burn relays, and stopped only 
when the maneuver relays were reset. A DC-V14 was 
transmitted to ensure that the inhibit on the CC&S-AC 
interface was removed so that the turns could be 
performed. 

The power-on reset of the DAS logic was required to 
set up the record logic. The DC-V26 command turned off 
all science. The DC-V25 command turned the science 
back on, turned on the tape-recorder 2.4-kHz electronics, 
and switched the data encoder to data mode 3. The 
DC-V16, which was observed in the data at 14:03:55.7 
GMT, started DAS clock A. During this exercise, engi- 
neering and science data were desired whenever possible; 
therefore, DC-V2 was sent to switch to data mode 2. The 
extra precaution of sending DC-V29 was taken to ensure 
that the first-bum (already-fired) squibs were those on 
line. The DC-V27 was transmitted so that the record 
sequence would start approximately 1 min before the 
start of the pitch turn. The DC-V27 turned on the gyros, 
and switched the data encoder to data mode 1. A DC-V2 
switched the data encoder back to data mode 2. The 
DC-V12 command was transmitted to switch the trans- 
mitter to the low-gain antenna. This allowed data to be 
observed in real time while Canopus was still acquired, 
and the received signal to be recorded at DSS 14 after 
the turns had started. This recorded signal was later 
processed with the 7094 DDT program, and some data 
were recovered. 

The tape-recorder record motor was turned on by DAS 
clock A, and track 1 data began to be recorded. The 
- 17.18-deg pitch turn started approximately 1 min later. 
The real-time data were lost shortly after the pitch turn 
was completed (after 95 s), and the spacecraft held its 
inertial position until the roll turn started. The positive 
roll (cw) turn of 1680 s was completed when the spacecraft 
reacquired the sun. The search for Canopus in the ccw 
direction was then started. This traced out approximately 
another 313 deg of a longitude line for the UV photometer. 
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The spacecraft should have completed the reacquisition 
of Canopus, but no RF signal was acquired. An RF signal 
was observed later, but data could not be demodulated. 
The switch back to spacecraft transmission via the high- 
gain antenna was commanded, providing a signal level of 
-154.4 dBmW, which was about 7.5 dBmW lower than 
expected. All high- and medium-deck telemetry channels 
were checked for spacecraft performance. When it was 
determined that all were normal, the station was asked 
to drop the downlink lock and reacquire it. This corrected 
the problem by dropping the sideband lock. 

The preplayback cruise state was then established. The 
inhibit-maneuver command (DC-V13) was reestablished 
as protection against an accidental “start maneuver” com- 
mand, The science-overload-inhibit override was removed 
by turning science off with a DC-V26 and turning science 
back on with a DC-V2. This reestablished the safety 
factcr of allowing the science or gyros an exclusive circuit 
to function if the main-booster regulator were to fail. 
This became more important as the spacecraft neared 
perihelion and tracking was impossible even though the 
DC-V15 in effect should have kept the gyros off. The 
three minimum QC-Vls (pitch, roll, and motor burn) were 
transmitted to provide a margin of safety if a failure- 
induced maneuver should be performed. The transmit- 
high- and receive-high-gain antenna mode was com- 
manded on so that the spacecraft could be commanded 
by the standard 85-ft antennas during the recorded data 
playback. The spacecraft was performing in a nominal 
manner; therefore, command modulation was turned off, 
at 20:OO:OO GMT, and DSS 14 tracking was released. 

The start of playback (DC-V4) was commanded by 
DSS 41 at 22:OO:OO GMT on November 19. The track 1 
playback was normal, and the EOT switched to track 2 
playback. There was more interest in real-time science 
data than in the track 2 recorded data. The command to 
stop the playback (DC-V2) and to switch to data mode 2 
was observed in the data at 17:11:52 GMT on Novem- 
ber 20. The tape stopped on track 2 just beyond the point 
on track 1 where the data were recorded. This set up the 
tape for future record sequences in the extended mission. 
The tape-recorder 2.4-kHz power was commanded off 
with DC-V28. This command also turned on the battery 
charger, and a second DC-V28 was transmitted to turn 
it off again. 

The plasma probe had been in mode 3 format since 
science had been turned off and back on. This was because 
CC&S MT-8 was still set, so that each time science was 
turned on, it reacted to MT-8. A DC-V16 command was 

transmitted to allow DAS clock A to count out an en- 
counter. This reestablished the postencounter science 
cruise mode 2, when the encounter sequence was clocked 
out. No other conditions changed because the tape- 
recorder 2.4-kHz power was off during this sequence. 

The playback of the UV-photometer tube C recorded 
data around the CC&S MT-6 point had a value of 90 DN. 
The average value at the time of MT-6 was 38 DN, which 
indicated that some other phenomenon was occurring 
during this exercise. The 90-DN output was not an isolated 
sample, but was approximately 30 deg wide. There could 
be several reasons for this; the two most likely are de- 
scribed below. 

Natural phenomena, such as a narrow stream of hydro- 
gen extending into the ecliptic pIane and stopping, would 
allow the hydrogen to be observed while the instrument 
scanned across the ecliptic plane, but not to be observed 
when it scanned away from the sun in the ecliptic plane. 
The extended mission would confirm this possibility by 
rolling the spacecraft until the entire celestial sphere has 
been mapped for Ultraviolet sources to a high degree of 
accuracy. 

Reflection off the spacecraft into the sensor appears to 
be a more likely explanation. The thermal can that pro- 
tects the propulsion motor extends approximately 2 in. 
beyond the ultraviolet sensor, but many degrees off axis. 
The sunlight might be reflected off the top edge of the 
can into the ultraviolet sensor, and the FOV limiters 
could be reflecting into the sensors. Reflection is not 
normally a problem because the sensor is at 90-deg cone 
angle. The -17.18-deg pitch turn decreased the sun- 
spacecraft-ultraviolet-sensor angle during the roll, mak- 
ing it suspect. The only sensor that observed this large 
increase was tube C, which has the largest FOV (2% deg) 
and the largest spectral response (1050-1900 A); also, of 
course, it was the only one that contained the atomic 
hydrogen 1216-A wavelength. Tests will be performed 
to determine the susceptibility of the UV photometer to 
straylight at 1216 A. 

g. Conditioning for long-term cruise. The start of space- 
craft conditioning for the long-term cruise was at the 
end of the UV-photometer exercise, as previously ex- 
plained. Only two commands were required to set up 
the long-term cruise, but it was decided to obtain a small 
amount of additional data by sending three other 
commands. 

The exercise began at 15:51:00 GMT on November 21, 
1967, when DSS 14 sent a DC-V9 command to turn the 
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ranging receiver on. The turn-on was observed in the 
data 14 min, 20 s later. Ranging modulation was turned 
on to obtain a range fix on the spacecraft before the long- 
term cruise began. Three separate attempts of 30 min 
each were made to lock up the range code. They were 
all unsuccessful because the ranging threshold had been 
slightly exceeded, which was caused by the pointing 
geometry of the antenna and the range being in excess of 
118 X 106km. 

One of the commands required to establish the long- 
term cruise mode was the DC-V15. The Canopus-gate- 
inhibit override was observed in the data at 18:49:09 
GMT. This command was sent to keep the gyros off when 
Canopus acquisition was lost. If the command were not 
sent, there would be days when no stars of the required 
brightness would fall within the Canopus-sensor acqui- 
sition level; therefore, the roll search would continue until 
a star satisfied the logic. The gyros would be on for rather 
long periods, increasing the internal bus temperature. 
This temperature increase plus the switching transients 
associated with turning the gyros on and off was not 
desirable when the acquisition of a definite object was 
not required. 

It was accepted that Canopus acquisition would be lost 
in late December 1967, when the star Canopus moved 
out of the MT-4 Canopus-sensor FOV. The heliocentric 
orbit would be quite fast later (less than 200 days), which 
would require Canopus cone-angle updates frequently 
(even one was impossible after this time because the 
Mariner V antennas pointed away from earth until 
late July 1968). 

The spacecraft was next commanded to transmit on the 
high-gain antenna and receive on the low-gain antenna. 
This configuration provided a few data samples for inter- 
ferometer pattern mapping. The ranging receiver was 
commanded off, leaving only one command required to 
set up the long-term cruise. 

The DC-V12 command to transmit and receive on the 
low-gain antenna was observed in the data at 19:31:59 
GMT, when the ground-receiver AGC dropped from 
-149.2 to -159.0 dBmW. This established the long- 
term-cruise mode by setting up the spacecraft to transmit 
data to earth so that they could be received in late July 
1968. The spacecraft was capable of receiving an uplink 
signal slightly earlier. 

A record-only pass was performed with DSS 14 on 
December 4 between 16:02:00 and 20:OO:OO GMT at a 

signal level of -170.0 dBmW. This indicated that the 
spacecraft was still functioning as designed. At  that time, 
Mariner V had been in space for 173 days, 14 h. The 
spacecraft had performed Phase I of the mission in an 
excellent manner; it had transmitted more than 210 million 
bits of data to earth, and had successfully responded to 
96 ground commands. 

D. Science Instrument Performance 

1 .  Data automation subsystem. The primary functions 
of the DAS were to sequence instrument data, code and 
format data, perform analog-to-digital conversion, and 
to transmit these data by two parallel channels to the 
digital tape recorder and by one channel to the flight 
telemetry system. 

A block diagram of the encounter portion of the DAS 
is shown in Fig. VI-4. The formats for real-time and 
recorded data are shown in Figs. VI-5 and VI-6. The 
encounter-oriented inputs and outputs are incorporated 
in Table VI-5. 

At the end of the midcourse maneuver (23:14:26 GMT, 
July 24, 1967), the DAS had operated for 136.8 h and 
produced 39,082 frames of science data. Since the 
midcourse maneuver, the DAS has functioned without 
a single anomaly. In more than 3200 h of operation 
since the midcourse maneuver of the Mariner Venus 67 
mission, more than 192 million bits of data have been 
processed by the DAS. One flip-flop had changed state 
more than 5 X loz2 times. 

Forty days after launch, the communication range was 
great enough for the performance margin of the DSIF 
to be reduced to almost zero at the high data rate; there- 
fore, the data rate was changed with the MT-6 command 
from 33% to 8% bits/s. A cruise condition was main- 
tained until ground command DC-V25 started the en- 
counter sequence (backed up by MT-?). This command 
turned on tape-recorder power and energized the termi- 
nator sensor. 

The next command, DC-V24, switched the DAS and 
the data encoder to mode 3, and enabled the DAS- 
generated encounter functions. Switching from mode 2 
to 3 expanded the telemetry format from 280 to 405 bits 
of science, and allowed the DAS SSAC analysis team to 
observe several status bits not previously seen. 
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At 14;31:43 GMT (3 h 42 min after DC-V24), ground 
command DC-V16 was scheduled to be sent to start 
backup clock A so that it would issue the same commands 
as clock B, but delayed 12 min. This command was sent 
30 min late because of a ground-station problem. 

Time 

Because of this delay, it was necessary for the next 
spacecraft function, PSO, to perform properly, and for 
the terminator sensor to work properly, so that APAC 
would occur on time (Fig. VI-7). The APAC had to occur 
during occultation so that the S-band occultation experi- 
ment could be performed during exit occultation. The 
alternative to allowing functions to proceed normally from 
that point was sending DC-V5, which would have 
changed the data rate to 33% bits/s. This would, in effect, 
make up for the 30 min of lost time. However, if the data 
rate could not be changed back to 8% bits/s, the entire 
encounter-recorded data would have been lost because 
of the logic mechanization of the DAS. The DC-V5 com- 
mand was not sent. 

Event 

The planet sensor started the 02h07m41s recording 
sequence on time. The PSO caused the primary clock 
(clock B) to begin counting, and also started the record- 
ing sequence. The end of the encounter period occurred 
after all of the recorded data had been played back twice, 
and sufficient time had elapsed for verification that the 
science subsystem was operating correctly in mode 2. 

On October 26, the data rate was changed from 8% 
to 33% bits/s and back again to correlate the first data- 
rate change with a UV-photometer anomaly at that time. 
On November 7, 1967, the spacecraft was rolled three 
times for the primary purpose of allowing the UV pho- 
tometer to observe and map the same region of the sky 
as it had during the postmidcourse roll maneuver. Data 
were recorded and played back. A similar exercise was 
performed on November 19, 1967. 

During a DAS-controlled recording sequence, the UV 
photometer observed the same region of the sky as it had 
during MT-6 (the iqitial data-rate change). The differ- 
ences between the November 19 and October 26 exercises 
are the spacecraft maneuvers and the recording sequence 
in the former, and only a data-rate change in the latter. 

The DAS performed nominally during all of the above 
described operations. 

On November 21, 1967, the spacecraft was set up for 
long-term cruise. 

2. Heliammagnetometer performance. The magne- 
tometer performed as expected throughout the mission. 
No anomalous behavior was noted during the cruise, 
encounter, or postencounter phases of Mariner V opera- 
tion. Instrument calibration was unchanged, and the 
periodic in-flight calibration functioned properly through- 
out the flight. 

3. Trapped radiation detector performance. The per- 
formance of the TRD was normal from the time of science 
turn-on, and remained normal throughout the mission. 
No anomalies were observed in the data. However, the 
counting rates appeared low as the spacecraft traversed 
the Van Allen belts. This was discovered to be a computer 
problem in handling the overflow bit in the data. Raw data 
were checked, and found to agree with expected values. 

At no time after leaving the Van Allen belts did any of 
the detectors saturate. The TRD counting rates remained 
unchanged when the telemetry bit rate was changed 
from 33% to 8% bits/s. 

The TRD performance verified that the design limits 
of the instrument and the DAS were adequate. 

Several solar flares were observed during the cruise 
phase of the mission. Notable flares occurred on the days 
listed below, along with the type of event associated 
with each flare: 

Day 177 
Day 178 
Day 192 
Day 193 
Day 213 
Day 214 
Day 222 
Day 233 
Day 261 
Day 262 
Day 263 
Day 264 
Day 280 
Day 282 

Proton 
Electron 
Proton 
Proton 
Electron 
Proton 
Proton and electron 
Proton 
Proton and electron 
Proton and electron 
Proton and electron 
Proton and electron 
Minor event 
Minor event 

In addition to these electron and proton events, several 
hundred solar X-ray events were observed. No increase 
above interplanetary background rates of energetic par- 
ticles with energies above 45 keV was noted in the vicinity 
of the planet Venus. 
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Fig. VI-5. Data automation subsystem real-time data format 
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Table VI-5. Data automation subsystem real-time 
word description 

Abbreviation 

P N  

TRB 

TRH 

TRL 

uvc 

DFA 

DFD 

FCH 

FCL 

MX 

MY 

MZ 

PL 1 

PL2 

PL3 

PL4 

PL5 

PL6 

Data format won 

1 , 2  

23 

10 

1 1  

I 16, 30, 4 0  

15, 29, 3 0  

17, 31 ,41  

21 

20 

22 

2% 

7, 13, 25, 
3 4 , 3 7  

8,  14, 26, 
3 5 , 3 8  

9, 18, 27, 36, 42 

6 

12 

19 

24 

4 

5 - 
*TRD = trapped radiation detector. 
bA/PW =z analog-to-pulse width. 

Description 

Fifteen-bit pseudo-noise sequence 
used to identify beginning of 
each real-time data frame. Se. 
quence is :  000011101100101 

Readout of B-channel count 04 
TRD" data accumulated in 1 0-bi' 
W- reg i s ter 

Ten high-order bits (bits 11-20] 
of T-counter assigned to TRD 

Ten low-order bits [bits 1-10) oi 
T-counter assigned to TRD 

Three sets of A/PWh data from 
UV photometer 

A/PW doto from DFR 

Binary whole-word digital doto 
from DFR 

Nine high-order bits (bits 11-19 
of frame counter. Clock B is  sub- 
stituted in this word on alter- 
note frames 

Ten low-order bits (bits 1-10) oi 
frame counter 

A/PW data from helium-magne- 
tometer X-axis 

A/PW data from helium-magne- 
tometer Y-axis 

A/PW data from helium-magne- 
tometer Z-axis 

Six sets of A/PW data from plasma 
probe 

TRACK I TRACK 2 

NOTES: 
I. DATA FOR DFR, UV PHOTOMETER, AND TRB ARE 

RECORDED MS8 FIRST, LSB LAST. 

= BITS 1-7 OF 15-BIT PN SEQUENCE (OOOOIII) 
= BITS 8-14 OF 15-BIT PN SEQUENCE (0110010) 

FRAME COUNTER, LEAST SIGNIFICANT BITS 8-2 

2. ABBREVIATIONS USED: 

PNl-7 
PN8-14 
FRAMEe-2 
F I  = FRAME COUNTER,LEAST SIGNIFICANT BIT I 
TR8 = TRAPPED RADIATION DETECTOR, DATA B 
DFR DIG = DFR DIGITAL DATA 
DFR = DFR ANALOG DATA 
UVA = UV PHOTOMETER, DATA A 
uvB,C = UV PHOTOMETER, DATA B OR C 

WORD (MSB) = COARSE WORD COUNT : 
S = APAC STATUS BIT 
A 
U I IF UVg,c 1s uvc 
T = "I" I F  TRB IS TRB: 

BLANK 
SPACES = ONES ON TRACK I 

RT = REAL-TIME DATA 

= " I " 
IF DFR-A IS NEXT RECORDED WORD 

I ,  I t  

"0" IF TRB IS PL-5 

R: = STATE CHANGE INDICATES RT WORDS WORD (MSB) 

l00000 
0 I O 0 0 0  WERE ACDE BCDE, AND 8-14 

I5 -21 00 I 000 THAT NEXT 664 WORDS 
ARE IN BCDE SEQUENCE 2 2  -24 000 I 00 

2 9 - 3 5  000010 

LAST 8 DFR ANALOG WORDS I - 7 

36-45 000001 

Fig. VI-6. Data automation subsystem 
stored-data format 
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w] E-12213 h (NOMINAL) 

I .  TAPE-RECORDER POWER ON 
2. APPLIES POWER TO TERMINATOR SENSOR 

[Dc-v25) GROUND-COMMAND BACKUP TO MT-7 

1-1 E-6 h (NOMINAL) 

I .  ISSUES SWITCH TO DATA MODE 3 TO DATA ENCODER 
2.  PLANET-SENSOR POWER ON 
3 SENDS PLASMA-PROBE MODE 3 SIGNAL 
4. REMOVES INHIBIT FROM CLOCK B (NOTE I) 

1-1 GROUND-COMMAND BACKUP TO MT-8 

m1 START CLOCK A (RESET FRAME COUNTER AND 
REMOVE INHIBIT FROM DECODE -NOTE 2) 

CLOCK A 
A 

C 

P SO+I F 

PSOtI6F 

PSOt144F 

PSO+IGOF 

I- - 
- 
+ 

+ 

--t 

-1 PLANET SENSOR OUTPUT 
PARTIAL BACKUP TO PSO 

I .  PSO STARTS CLOCK B (DOES NOT START CLOCK 614- 
2.  
3 .  BEGINS RECORDING ON TRACK I 

ISSUES "START TAPE" COMMANDS EVERY 50.4s 

4. INHIBITS UV-PHOTOMETER CALIBRATE 

START RECORDING ON TRACK 2 - 
1 APAC 1 ANTENNA POINTING ANGLE CHANGE 

CLOCK A SIGNAL IS BACKUP TO TERMINATOR SENSOR OUTPUT c- 

STOP RECORDING ON TRACK 2 
STOP SENDING "START TAPE" COMMANDS 

f- 

I EOT I END-OF-TAPE SIGNAL AUTOMATICALLY STOPS THE TAPE 
(INTERNAL TAPE-RECORDER FUNCTION) 

BACKUP FOR EOT SIGNAL 

I .  
2. STOP RECORDING ON TRACK I 
3. ISSUE SWITCH TO DATA MODE 2 SIGNAL 

ISSUE "STOP TAPE" SIGNAL EVERY 50.4s 

4. REMOVE PLANET-SENSOR EXCITATION 
5 .  REMOVE UV-PHOTOMETER CALIBRATE-INHIBIT SIGNAL 
6. REMOVE PLASMA-PROBE MODE 3 SIGNAL 
7. STOPCLOCK B 
8. INHIBIT CLOCK A ENCOUNTER DECODES 

NOTES: I. CLOCK B MAY BE INHIBITED BY ISSUING AN EVEN NUMBER OF DC-V24 COMMANDS 
2. CLOCK A FRAME COUNT MAY BE RESET BY DC-VI6 AT ANY TIME 
3. CLOCK B MAY BE RESET BY POWER-ON RESET 
4. ABOVE DAS EVENTS ARE MONITORED AND DISPLAYED IN REAL TIME 
F = FRAMES 

Fig. VI-9. Mariner Venus 67 encounter sequence and data automation subsystem events 

( FRAME 
COUNTER) 

A-224F 

A-79F 

A- 64F 

A 

A+64F 

A+61.8 
f3min 

A+80F 

JPL TECHNICAL REPORT 32-7203 255 



4. Plasma-probe performance. The plasma probe oper- 
ated perfectly during the flight of Mariner V. All planned 
events occurred as expected, and no anomalous events 
were noted. In particular, no abnormal collector currents 
were measured at the steps corresponding to the highest 
modulator grid voltage. This shows that no high-voltage 
problem was present in the system, and confirms the 
prelaunch belief that the high-voltage-related anomaly 
observed during testing was the result of environmental 
conditions. It further indicates that the concern over the 
outgassing properties of the materials in the high-voltage 
cable was unnecessary. 

A discussion of the significant spacecraft events that 
caused changes in plasma-probe status is presented below. 

a. Launch. The plasma probe was turned on, along 
with the rest of the science, at 06:27 GMT on day 165. 
Processed real-time data were erratic during this period, 
so the first plasma-probe calibrate sequence was observed 
at 06~40 GMT on day 165. At this time, it was confirmed 
that the high-voltage inhibit had been removed by the 
separation connector, and that the instrument was oper- 
ating in a normal manner. If data processing had been 
perfect, this could have been observed at 06:30 GMT 
on day 165. The first indication of actual plasma measure- 
ments occurred at 09:44 GMT on day 165 as the space- 
craft entered the magnetosphere. 

b. Data-rate change. At 19:22 GMT on day 205, the 
data rate was reduced from 33% to 8% bits/s. As ex- 
pected, this caused a reduction in value of all plasma- 
probe measurements by 3 or 4 DN. This reduction is 
caused by the discharge characteristic of the sample-and- 
hold circuits within the instrument; the plasma probe is 
calibrated for both conditions. 

c. Encounter. The first plasma-probe status change 
during the encounter sequence occurred when the DAS 
was switched to mode 3 at 10:57 GMT on day 292. At 
this time, the instrument was near the beginning of its 
24-frame mode 2 sequence, which it completed before 
switching to mode 3. Proper mode 3 operation was con- 
firmed at 11:28 GMT on day 292. The instrument per- 
formed properly during encounter, yielding valuable 
scientific information. Switching back to mode 2 was 
accomplished successfully at 19: 10 GMT on day 292. 

5. Ultraviolet-photometer performance. The UV pho- 
tometer is basically an optical instrument designed to 
measure atomic hydrogen and oxygen resonance radiation 
in interplanetary space and in the outer atmosphere of 

Venus. The performance, events, and operations of the 
UV photometer from postmidcourse maneuver through 
the end of the mission are discussed in the paragraphs 
that follow. 

At 19:19:21.42 GMT on day 205, the MT-6 event oc- 
curred at the spacecraft, changing the data rate from 
33% to 855 bits/s. After MT-6, the UV photometer 
showed the following changes: 

(1) Drift check changed from 2, 0, and 2 (for tubes B, 
A, and C, respectively) to 1, 1, and 1. 

(2) The calibrate changed from 259, 250, and 259 (for 
tubes B, A, and C, respectively) to 258,250, and 258. 

(3)  Tube-C readings changed from approximately 7 to 
approximately 36 DN. 

(4) Tubes B and A showed negligible change. 

Items 1, 2, and 4 are considered normal. Analysis of 
data recorded in the JPL space simulator indicates that 
similar phenomena occurred in the tube-C readings at 
data-rate changes (item 3). 

On day 298, the spacecraft data encoder was com- 
manded to switch from a data rate of 8% to 33% bits/s, 
and back to 8% bits/s. In this case, tube C changed 
from a reading of 25 to 4 DN, then back to 25 DN. This 
behavior is similar to that observed at MT-6 on day 205. 

During the three rolls after the midcourse maneuver, 
it was observed that the photomultipliers were not aligned 
precisely. The centers of the FOV of each tube should have 
been the same. The roll rate was such that the Canopus- 
sensor output maps of the roll arc through the celestial 
sphere were able to define positions only to within 5 deg. 
These Canopus-sensor output maps permit the determi- 
nation of the UV-photometer pointing vector position in 
ecliptic latitude during a roll maneuver. 

Examination of the predicted UV-photometer viewing 
track across the celestial sphere showed that the nominal 
track would pass very close to two bright, ultraviolet- 
emitting stars in the constellation Scorpius. These stars 
are Pi-Scorpii (seen first) and Tau-Scorpii (seen about 
1 wk later). During the period in which the UV- 
photometer viewing track crossed near these stars, the 
normal oscillations of the spacecraft in its AC deadband 
allowed the UV-photometer pointing vector to move 
about the celestial sphere near the stars. Contour plots 
of the ultraviolet intensity were made from the flight 
data. Each reading was assigned a point in space as if 
the UV photometer were pointing out from its nominal 
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position of 90-deg cone and 95.5-deg clock (spacecraft 
coordinates). The result of this comparison is the plot 
shown in Fig. VI-8. The position of the real star is 
set at 0-deg lon, 0-deg lat. The apparent position of 
the star Tau-Scorpii found by each tube is shown in the 
boxes marked A, B, and C. The coordinates show the 
error in the real pointing position in degress of ecliptic 
longitude and latitude. 

The analysis for both Tau-Scorpii and Pi-Scorpii agree 
to within the kO.2-deg estimated error of the method 
used. The resulting correction to spacecraft coordinates 
is as follows: 

- 
I- 3 -0.3- 
V W 

-0.4 

Pointing direction & Clock angle, deg 95.8 

As one of the postencounter operations to enhance the 
understanding of the UV-photometer output, a series of 
rolls was performed on day 311. At this time, the UV 
photometer was pointing 180 deg from the location it 
viewed during the time of the midcourse maneuver on 
day 170. The roll maneuver allowed the UV-photometer 
pointing vector to sweep across the celestial sphere 
approximately in the same arc as that followed by the 
UV photometer in the postmidcourse-maneuver rolls. 

The roll sequence was recorded and played back from 
the spacecraft tape recorder after the final Canopus 
acquisition. The data were plotted, and showed several 
interesting characteristics. Because the postmidcourse- 
maneuver rolls were performed at 3345 bits/s and the 
postencounter rolls at 845 bits/s, there is a slight dif- 
ference in the mesh size and, therefore, in the details of 
the output map. Assuming a nearly identical roll rate 
for each operation, the map produced postencounter has 
only three data points compared to four data points for 
the same length of arc in the postmidcourse-maneuver 
rolls. 

The general background level of tube C was approxi- 
mately 6 DN during the postmidcourse-maneuver rolls. 
Any cyclic behavior of the baseline is very difEcult to see 
because the analog-to-digital conversion is accurate only 
to rtl DN, which represents more than a 15% change 
at this signal level. This would mask any but the most 
prominent features. This was not the case with the post- 
encounter roll maneuver. The tube-C background level 
was about 20 DN at the start of the rolls, and the ob- 
served cyclic changes of 8 DN are both easily seen and 
reproducible. 

El El - 
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It appears possible that there may be a large anisotropy 
in the amount and direction of Lyman-alpha emission 
being scanned by the UV photometer. The other state- 
ment, which seems accurate, is that a detailed compari- 
son of the two sets of rolls cannot be made without great 
difficulty. Insufficient AC information, coupled with the 
nonlinearity of the response of the instrument at the two 
data rates, practically obscures all of the common quan- 
titative aspects of the data. 

An opportunity existed during the flight sequence to 
check the long-term behavior of the UV photometer. On 
day 323, a pitch-and-roll maneuver was performed. This 
permitted the UV photometer to scan back from almost 
the other side of the sun to the portion of space that was 
observed when MT-6 occurred. If no strange effects 
appear because of the sun being closer, then the UV 
photometer should have received the same signal it re- 
ceived at the time of the MT-6 event. The entire pitch- 
roll sequence was recorded on the spacecraft tape 
recorder, and the playback data were plotted. The point 
of the MT-6 event was found, assuming a uniform roll 
rate throughout the 310-deg roll. 

The data showed a broad band (about 30 deg wide) 
of Lyman-alpha emission in the vicinity of the MT-6 
position. The readings were approximately 90 DN. This 
feature is so large in angular size that it does not seem 
possible that it could be associated with any celestial 
object. Because the spacecraft pitched off the normal 
sun line (which meant that the UV-photometer pointing 
vector was no longer perpendicular to the sun-spacecraft 
line), solar reflections into the instrument were thought 
to be possible. 

A complete analysis of the parts of the spacecraft that 
might have reflected light back toward the UV photom- 
eter has not been made at this time, however, it does 

TAU - SCORP I I D 
3 

STAR POSITION : -6.12 deg ECLIPTIC LATITUDE -0.1 

251.00 deg ECLIPTIC LONGITUDE 
-I -0.2 

ECLIPTIC LONGITUDE, deg 

Fig. VI-8. Pointing directions of UV-photometer t.ubes 
A, B, and C (apparent position of Tau-Scorpii as seen 
by each tube) 
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not appear possible for this to be the cause of the emis- 
sion seen. One possibility that has not been examined 
carefully is the presence of a cloud of gas from the AC 
subsystem that performed the pitch-and-roll maneuver. 
If sunlit, this could have reflected light into the UV 
photometer if the instrument scanned in that direction. 
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6. DuaLfrequency receiver flight performance. During 
the interplanetary cruise, the DFR measured the inte- 
grated electron density along the propagation path from 
the Stanford ground transmitter to the spacecraft. Sim- 
ilar instruments aboard Pioneer spacecraft made it pos- 
sible to study radio-propagation effects of widely 
separated points in space. The antenna pattern of the 
Stanford transmitter and the positions of the spacecraft 
permitted simultaneous operation of both spacecraft on 
the 49.8-MHz channel. Each operating day, as the 
spacecraft rose above the horizon, the DFR locked onto 
the signals and returned its scientific data without fault. 
More than 625 h of data were obtained. 

- 

- - 

 START ROLL & AT ENCOUNTER 
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The DFR performed within its design requirements 
throughout the mission. On day 2A2, the carrier-difference 
readout became zero, and the 49.8-MHz VCO reading 
was lower than it had been previously, This condition 
was traced to a maladjustment at the ground station. The 
behavior of the DFR carrier-difference readout was sub- 
sequently investigated for various transmitter conditions, 
and was found to be normal. The modulation phase as a 
function of phase angle agreed with the preflight cali- 
bration. The carrier amplitudes were compared with the 
calculated values. Near earth, the agreement was excel- 
lent; however, the 49.8-MHz amplitude was lower than 
calculated for ranges greater than 1 X lo6 km. 

Because the Pioneer instruments showed similar effects, 
and because of the extensive radio-interference testing 
of Mariner V, the possible space phenomena that could 
cause the lower signal are being investigated. The VCO 
readings obtained when the Stanford transmitter was not 
sending are an indication of the stability of the phase- 
locked-loop circuits. The drift from the rest-frequency 
position is negligible. 

On day 311, the spacecraft was rolled three times. 
The DFR antenna pattern obtained by this maneuver is 
shown in Fig. VI-9. The 423.3-MHz pattern is the same 
as that measured on earth. The 49.8-MHz pattern, al- 
though obscured by fluctuations in the ionosphere and 
propagation path, is similar to the earth-based measure- 
ments. The main antenna beam extends from clock 
angles of 50-120 deg, and has minimums at 150-, 315-, 
and 10-deg clock angles. 

During the encounter with Venus, the DFR performed 
as planned. There was about 20 dB of dynamic range 
for the signal-amplitude measurement. The VCOs re- 
mained near the rest frequency during occultation so 
that the phase-lock loops could reacquire the signal 
without delay. Along with the other spacecraft subsys- 
tems, the DFR operated with no evidence of anomalous 
behavior. 

E. Telecommunications System Performance 

I .  Description. The telecommunications system for the 
Mariner Venus 67 mission consisted of both onboard 
spacecraft equipment and equipment located at the 
ground stations of the DSIF. This equipment provided 
the capabilities for telemetering spacecraft data to earth; 
commanding the spacecraft from earth; tracking the 
spacecraft RF carrier in both one- and two-way lock; 
and ranging with the spacecraft, using the Mark I1 
ranging system close to earth and the research and 
development (R&D) planetary code near encounter. 

Mariner V used a telecommunications system that was 
identical to the Mariner IV system except for changes 
made to meet the requirements of the Mariner Venus 67 
mission and modifications to improve and update the 
equipment. Handling of telemetry data on the ground 
was modified considerably from the Mariner Mars 1964 
mission to take advantage of increased ground-station 
capabilities. Details of these modifications are described 
in Subsections E-1-b and E-2. 

a. Analysis. Techniques used for predicting telecom- 
munications performance for Mariner V were identical 
to those for Mariner IV except that additional capability 

I I I I I 
423.3-MHz PATTERN 

49 8-MHz PATTERN 

Fig. VI-9. Dual-frequency receiver antenna 
gain, day 31 1 
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Fig. VI-10. Telecommunications performance analysis, downlink, 85-ft antenna 

was provided to analytically generate a high-gain an- 
tenna pattern pointed at any spacecraft-to-earth look 
angle by computer. This capability was known as the 
analytical digital antenna pattern program (ADAP), and 
was used during the premission design phase to optimize 
antenna pointing for telemetery and occultation cover- 
age. Because Mariner V had two high-gain antenna 
positions instead of one, as had Mariner W, this capa- 
bility was doubly useful in reducing manual calculations 
involved in the antenna-pointing analysis. 

Along with these antenna patterns, a tape of trajectory 
parameters, and communications system parameter in- 
puts, the communications prediction program (CPPM) 
was used to generate plots of predicted signal levels and 
performance margins for both the uplink and downlink 
channels. A problem that had been observed during the 
Mariner Mars 1964 mission was repeated for Mariner V 
in that the formats of the trajectory tapes were constantly 
changed to increase their information content. This re- 
sulted in about a 3-wk delay in finishing the first run 
of the Mariner V communications predictions while the 

CPPM program was modified to accept the latest 
trajectory-tape format. 

Received-signal-level data from spacecraft and ground- 
station AGC compared favorably with the predictions. 
The average deviaton from nominal was about -2 to 
-3 dB, and was well within the negative tolerances 
assigned (Figs. VI-10 and VI-11). Because the deviations 
are averaged over several stations for several days, any 
large variations between stations and station passes are 
averaged out. These large variations ranged from as 
low as 5-6 dB below nominal to (in some cases) as high 
as 23 dB above nominal. The larger variations between 
stations and passes of one station tended to diminish in 
both frequency of occurrence and amplitude as the mis- 
sion progressed. The reason for this phenomenon is not 
clearly understood, but it is possible that improved tech- 
niques for monitoring received and transmitted signals 
at DSN stations were responsible. 

Variations of 2-3 dB from nominal, as observed in the 
Mariner Venus 67 mission, compare to variations of 
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Fig. VI-1 1. Telecommunications performance analysis, uplink, 85-ft antenna 

1-2 dB observed during the Mariner Mars 1964 mission. 
The closeness of the Mariner Mars 1964 mission numbers 
was achieved only after an extensive analysis of station 
calibration errors applicable to the mission. This detailed 
an analysis was not performed for the Mariner Venus 67 
mission. 

A major difference between the two missions was the 
amount of time devoted to tracking the spacecraft. Dur- 
ing the Mariner Mars 1964 mission, there was practically 
no competition from other spacecraft projects for DSN 
station tracking time; as a result, Mariner IV was tracked 
nearly continuously (sometimes by more than one sta- 
tion). This resulted in a great deal of data with which 
to compare station performance, calibrations, etc., and 
more time was available to evaluate differences between 
stations. Thus, the overall level of performance analysis 
for the Mariner Mars 1964 mission was higher than for 
the Mariner Venus 67 mission. 

This difference was noted very clearly in the analysis 
of the uplink-antenna interferometer patterns for the 

Mariner Venus 67 mission as compared to those for 
the Mariner Mars 1964 mission. With nearly continuous 
tracking, Mariner Mars 1964 mission engineers were 
able to plot the interferometer effect through all nulls 
and peaks, and to predict the future nulls and peaks very 
accurately. In contrast, the sporadic tracking of Mariner V 
led to instances in which only one data point on each 
side of an interferometer peak or null would be observed. 
Coupled with station-to-station variations in uplink-signal 
level and AC limit cycles, this situation made it very 
difficult accurately to predict future peaks and nulls. 

b. Data handling. A major change in the ground-data- 
handling configuration for hlariner V that was closely 
monitored by the telecommunications group was the use 
of the DSIF TCP to replace the Mariner IV decom- 
mutator, TTY encoder, and high-speed data line (HSDL) 
formatter. Use of the TCP appeared to be desirable; but, 
as it had not been previously demonstrated on the 
Mariner Mars 1964 mission, there was some concern. 

While the TCP programs were being written and the 
interface hardware with the Mariner V demodulators 
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was being developed, a TCP computer (actually only 
half of a complete TCP configuration) was installed 
adjacent to the system test complex in the Spacecraft 
Assembly Facility. This computer was used to monitor 
spacecraft-system testing until the spacecraft was shipped 
to AFETR. During this period, the TCP was subjected 
to careful scrutiny by SPAC and all personnel concerned 
with its operation. By the time of launch, enough con- 
fidence in the TCP had been developed to justify its use 
as the prime ground-data-handling mode for Mariner V. 
Performance of the TCP during the mission was excellent. 

c. Telecommunications SPAC. The telecommunications 
SPAC team was headed by a Division 33 SPAC repre- 
sentative and supported by a representative from each 
of the following areas: radio, data encoder, tape recorder, 
command, antennas, and ground telemetry. Team mem- 
bers were assigned before performance of the first system 
test on Mariner V. Each representative was required to 
have knowledge of the design, fabrication, test history, 
and flight performance of his subsystem. Each SPAC 
member was responsible for analyzing his hardware in 
flight, analyzing real-time telemetry, and advising the 
division representative or SPAC director as to the status 
of his hardware. During periods of high activity, it was 
not possible for one individual to cover a 24-h period. 
For this reason, at least two individuals were assigned 
to each required representative position. 

Planning for the Mariner Venus 67 mission SPAC team 
started in the spring of 1966, with a series of meetings 
to discuss data-format requirements, SPAC operating 
procedures, and facilities requirements. The Division 33 
telecommunications representative furnished inputs to 
these SPAC planning meetings based upon experience 
of the Mariner Mars 1964 mission and inputs from tele- 
communications subsystem engineers. 

Telecommunications SPAC support for the Mariner 
Venus 67 mission started on November 4, 1966. The 
SPAC group supported all of the major spacecraft tests 
to acquire as much knowledge as possible of spacecraft 
functions. Early SPAC training was encouraged to 
familiarize members with computer-formatted data, 
spacecraft-system operation, and SPAC operations. Sev- 
eral mission-operations tests were conducted in which 
simulated failures were induced. The SPAC personnel 
were expected to identify, analyze, and recommend 
corrective action for all induced failures. In addition to 
failure-mode testing, SPAC participated in simulated 
precountdown and countdown tests conducted both in 
the Spacecraft Assembly Facility and at  AFETR. 

Correspondingly, several pre-encounter practices were 
held to familiarize personnel with encounter procedures 
and encounter failure-mode testing. 

d. Operations. 

Launch and midcourse maneuver. The telecommunica- 
tions SPAC team supported launch operations starting 
with a simulated precountdown on L-1 day (June 12, 
1967). Full SPAC support was required on a 24-h/day 
basis until L + 45 h. SPAC representatives alternated 
10-h shifts during this period. From L-l-45 h to the mid- 
course maneuver (M-6 h), one SPAC member from 
each division was required on a 24-h basis except during 
normal working hours, when all SPAC representatives 
were required on station. From M-6 h to M + 5  h, all 
members were required. After M+5 h, one representa- 
tive from each subsystem was on call, at all times, until 
encounter activities commenced. 

Cruise phme. During the period from the midcourse 
maneuver to encounter, a representative from each sub- 
system would review data from the previous day during 
the morning of normal work days (Monday morning data 
would also cover the weekend). From these data, a daily 
report would be written that summarized the activities 
of each subsystem, listed all command activity and mis- 
sion operations, and compared current telemetry data 
to data from the previous day. 

During the cruise phase, also, many exercises and 
tests were conducted that were not planned before 
launch. An example would be the tests run to evaluate 
the UV-photometer calibration. These exercises were 
supported on an as-needed basis, and planning for them 
was on a real-time basis. Planning for SPAC for future 
missions should allow a few extra personnel during 
cruise to provide coverage for these contingencies. 

Encounter. Full SPAC support for encounter started 
at E-18 h and continued until E+48 h. This period 
covered events from terminator sensor excitation turn-on 
(DC-V25) to completion of the first playback of encounter 
data stored by the tape-recorder subsystem. Minimal 
telecommunications support (tape-recorder representa- 
tive) was required for the second playback of stored 
encounter data, which was completed on October 23, 
1967. 

SPAC logs. For the Mariner Venus 67 mission, a log 
keeper was assigned to maintain a central log of the 
SPAC operation, including significant events from all sub- 
systems. This arrangement proved to be unsatisfactory 
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because the logkeeper was not sufficiently familiar with 
the details of the spacecraft to enable him independently 
to choose important items to log, and the subsystem engi- 
neers were too busy during mission operations to provide 
him with inputs. 

During SPAC operations, maintaining an adequate, 
detailed, written log by each subsystem-cognizant engi- 
neer is desirable, but can cause attention to be diverted 
from incoming data. Also, compiling several separate 
logs into a daily summary requires too much of the 
engineer’s time. 

An idea suggested for future use is to have a dicta- 
phone on the SPAC director’s desk, and one for each 
division, to record events as they occur. This would 
require a specific, well-defined input format, including 
name of the person contributing, time of event (GMT), 
subsystem name, and event description, so that all in- 
formation could be in the same format for the typist. 
These items could be typed in four columns as a rough 
log to be maintained intact. Each engineer could quickly 
edit a copy of his rough log; the secretary could then 
excerpt the desired inputs, and generate a daily sum- 
mary sheet. This would be more detailed and less time- 
consuming than the present method. 

Ground station data. For the Mariner Venus 67 mission, 
a digital display of ground-station telemetry was imple- 
mented in lieu of the analog system used for the Mariner 
Mars 1964 mission. The digital system processed station 
AGC in the TCP, and sent it to SFOF over the HSDLs. 
It was then processed by the 7044 computer, and dis- 
played in the SPAC area on the telecommunications 
100-w/m printer format. Digital display proved to be a 
more stable and reliable source of station-received signal- 
level information than did the analog system used for 
the Mariner Mars 1964 mission. 

Ground-received signal level was used to estimate 
spacecraft clock angle during roll maneuvers, and to 
verify spacecraft turn polarities during the midcourse 
maneuver. It was also used to compare station-received 
signal levels to predictions in real time, but post-tracking 
station reports were used as the final data for these 
comparisons. 

In addition to ground-station AGC, real-time informa- 
tion on ground-transmitter and receiver frequencies in 
some readable form could have been used by the tele- 
communications and radio subsystem analysts. These 
data would have been useful during the exit-occultation 
phase, when the ground station was attempting to acquire 

the spacecraft two-way; they also would have been use- 
ful for keeping a real-time record of spacecraft fre- 
quencies as they varied with temperature and age dur- 
ing the mission. Maintaining an up-to-date record of 
spacecraft frequencies was necessary to ensure RF 
acquisitions in minimum time throughout the mission. 
Mariner V frequency data were not readily available in 
real time, but the advent of the DSN monitor system 
should make these data available on future missions. 

e. Telecommunications complementary analysis team. 
The telecommunications complementary analysis team 
(TCAT) was the Division 33 portion of the Mariner 
Venus 67 mission complementary analysis team organ- 
ization. TCAT was implemented to use the resources of 
detailed spacecraft design knowledge possessed by per- 
sonnel not assigned to flight operations in SPAC. Real- 
time data were displayed in the TCAT area in parallel 
with telecommunications SPAC displays. This provided 
the capability for a prompt analysis by the most knowl- 
edgeable personnel of any subsystem anomaly that 
could occur during flight. TCAT also served as advisors 
to the SPAC team during critical phases of operation. 

f .  Venus encounter preparation working group. The 
VEPWG, which was assembled shortly after launch, and 
met weekly until encounter, was established by the 
SPAC director to study the encounter phase and to 
recommend any strategy that should be employed to en- 
sure mission success. Two telecommunications repre- 
sentatives attended all meetings of the VEPWG, and 
they were supported in analysis of encounter problems 
by the entire SPAC team. The following were some of 
the items investigated by the telecommunications mem- 
bers of the VEPWG: 

(1) Temperature variations of bays 5 and 6 effect on 

(2) Radio lockup times after occultation. 

(3)  Low-gain antenna interferometer pattern effects 

frequency measurements. 

expected during encounter. 

(4) Uplink and downlink communications performance 

(5)  Action required if tape recorder did not start on 

(6) Consequences of downlink frequency changing 

(7) Determination of X, frequency for possible two- 

margins at encounter. 

time. 

rapidly near Venus. 

way enter-occultation. 
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The final outputs of the VEPWG were an encounter- 
sequence plan and a set of flow charts covering actions 
to be taken for a nominal encounter sequence. Another 
set of flow charts depicted possible abnormal encounter 
sequences and the appropriate actions to be taken should 
they occur. 

2. Mission-related hardware. Mission-related hardware 
(MRH) for the Mariner Venus 67 mission consisted of 
the ground telemetry subsystem (GTS) and ground com- 
mand subsystem (GCS). The units used for the Mariner 
Mars 1964 mission were refurbished, then transferred to 
the DSN, and deployed to ground stations supporting 
the Mariner Venus 67 mission. 

A philosophy different from that for the Mariner Mars 
1964 mission was adopted for the Mariner Venus 67 
mission for processing the demodulated telemetry data 
stream at the ground stations. The incoming spacecraft 
data stream was both demodulated and decommutated 
in the MRH during the Mariner Mars 1964 mission. The 
decommutated data stream was then passed through an 
electromechanical TTY/encoder combination, and for- 
matted for transmission from the DSN stations to JPL. 

For the Mariner Venus 67 mission, TCP computers 
were available at the DSIF stations, and were used to 
perform both decommutation and formatting functions. 
The Mariner N type of hardware decommutators were 
maintained with the GTS equipment as a backup at 
the stations, but the TCP was used as the prime tele- 
metry processor. Part of the GTS refurbishment between 
the two missions consisted of installing an interface 
drawer to make the output of the hardware demodulator 
compatible with the TCP input requirements. The TCP 
was used very successfully by the Mariner Venus 67 
project, and proved to be more reliable and flexible than 
the TTY/encoder combination used for the Mariner 
Mars 1964 mission. 

After deployment of the MRH to the DSIF stations 
supporting the Mariner Venus 67 mission, the DSN was 
responsible for maintenance and operations of the MRH. 
As a part of this responsibility, the DSN installed engi- 
neering change requirements (ECRs) for any modifica- 
tions that were designed after the units had been shipped 
to the stations. The DSN also maintained a trouble- and 
failure-reporting system designed to keep both the 
project and the DSN advised of failure trends and 
problems with the MRH units. 

a. Mission-related hardware ECRs impbmented by 
DSIF stations. 

Read-write-verify. After arrival of the RWVs at the 
DSIF stations, it was decided to incorporate three more 
ECRs. The ECRs, which were the results of problems 
that were observed after shipment to the stations, are 
detailed in Table VI-6. 

Considerable effort was required to incorporate 
ECR 8839 without jeopardizing the mission. The several 
hundred transistors were procured on a rush basis and 
had been screened by a contractor. This ECR was incor- 
porated on the assumption that no RWV at any station 

Table VI-6. Mission-related hardware ECRs (RWVI 
~ 

ECR No. 

8839 

8841 

8855 

Function 

h r i n g  the refurbishment of the RWVs, two power 
supplies were found to be inoperative because the 
series-regulator transistors (2N1544) had failed. 
After shipment of the RWVs to the stations, three 
more power supplies failed. The series regulator in 
the - 18-V line was at fault in all cases. An investi- 
gation by the parts analysis group indicated that 
the leakage and beta of the transistors were 
extremely sensitive to elevated temperatures. The 
parts anolysis group suggested that replacement of 
the transistors with new units should be sufficient fo 
correct the failure tendency because the manufac- 
turing methods used on this type of device had been 
improved since these units were originally fabricated. 

Called for the removol of one bulb from each of the 
IN PROCESS and READY displays. Repeated foilures 
of the lamp-driver transistor indicated that the unit 
was being overrated. Calculations and measure- 
ments showed that the units were operating within 
specificotions for steady-state conditions. When the 
indicators were switched on, however, the transient 
current could reach a maximum of 4 %  times the 
rated maximum if a l l  bulbs were installed. Elimi- 
nating the redundant bulbs reduced the maximum 
switched current to about twice the rated value of 
the transistor. This was known before releasing the 
RWVs to the DSN; consequently, the units were 
shipped with the correct number of bulbs. ECR 8841 
was written to alert the stations not to replace the 
apparently missing bulbs, and to add this infor- 
motion to the RWV documentation. 

This ECR, which was simultaneously submitted by DSS 
11 acd DSS 42, called for use of the power switch 
associated with the tape-punch unit to control the 
tape reader as well. This would allow both the tape 
reader ond tape punch to be placed in a standby 
mode, thus minimizing mechanical wear on both 
units instead of only the tape punch. This modifi- 
cation wos installed in a typical RWV, serial num- 
ber (SN) 109, and was found to be too difficult for 
a field modification before encounter. As a result, 
SN 109 i s  the only unit with this modification. 
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would be “down” at any time because of its incorporation. 
Also, only screened parts were used for the modification, 
and all board changes were made at the Goldstone repair 
depot. This was accomplished by using spare cards and 
boards from power supplies that were on hand at Gold- 
stone and JPL. Sufficient boards were in existence so 
that five power supplies or spares complements at the 
various stations could be replaced at a time. The re- 
placed cards were then returned to Goldstone, modified, 
and sent to another DSS, where the same process was 
repeated. A flow diagram was prepared to schedule the 
shipments of power-supply boards between the Gold- 
stone repair depot and the stations. Since the incorpo- 
ration of this ECR, there have been no known failures 
of this type. 

Ground telemetry subsystem. The ECRs that were 
incorporated at the stations following the arrival of the 
GTS units are detailed in Table Vi-7. 

ECR No. 

8827  

8853,8854, 
8857, 8858 

b. Mhsion-related harduare TFRs from D S I F  stations. 
Failures in the RWV and GTS units were documented 
by the DSN in the form of DSIF trouble and failure 
reports (TFRs). This discussion covers the time from 
receipt of the units at the stations until the end of the 
mission. The failure types range from those occurring 
during preventive maintenance to those occurring during 
spacecraft tracking. No attempt will be made here to 
discuss specific failures. In general, the failure trends 
were similar to those observed during the refurbishment 
program. 

From the project viewpoint, the TFR forms used by 
the stations did not contain enough detail to describe 
many of the failures that occurred. This may have been 
because of misinterpretation of the data required by the 
operator filling out the form. in addition, many cases 
occurred for which it was difficult to determine the 
serial-number unit in which the failure had occurred. 

Function 

It was discovered that a possibility existed of burning 
out a solenoid in the Fronklin printer because of a 
nut working loose. The two ribbon-reversing sole- 
noids are joined together by a metal bar, each joined 
to the bar by a screw and a hex nut. This ECR called 
for replacing the screw with a longer one and a self- 
locking nut. 

These ECRs were required to incorporate the DDT 
program into the GTS. 

In general, the TFR system did not work out as satis- 
factorily as the PFR system used by the project, and it is 
felt that further emphasis should be placed upon this area. 

During the 10-mo period from prelaunch until the end 
of the mission, 162 RWV failures were reported from 
10 Deep Space Stations that used 11 RWVs, an average 
of 15 failures per RWV. 

For the same 10-mo period, 190 GTS failures were 
reported from 9 Deep Space Stations that used 8 GTS 
units, or an average of 24 failures per GTS. 

c. Digital demodulation technique. Prediction of tele- 
communication performance for the Mariner Venus 67 
mission showed that a 2-wk period would occur when 
the received-signal level would be below threshold at the 
standard 85-ft Deep Space Stations with MRH demodu- 
lators. During this period, spacecraft telemetry data 
would be available only from DSS 14, and scheduling 
difficulties would not permit the mission continuous use 
of DSS 14. 

i t  was decided to try to develop an experimental 
digital computer program for the TCP that would syn- 
chronize on the data-bit stream itself, and not be de- 
pendent upon the telemetry sync subcarrier. This 
technique had been previously demonstrated on an SDS- 
930. It was desired to adapt the technique to an SDS-920 
(one-half of a TCP), and use the other half of the TCP 
for the decommutation and formatting program. 

Development of the DDT program for the TCP was 
begun only a kew months before it would be needed, 
and it was thus necessary to expedite its development. 
For 3 4  mo, TCP programmers and MRH engineers 
worked together, without a detailed request for pro- 
gramming, designing the program and its interface with 
the stations. The program was completed and opera- 
tional by the middle of September 1967, and was used 
to support both Mariner IV and Mariner V tracking. 

The program was not completely analyzed theoretically 
in the beginning, and engineering judgment was used 
to determine some of the parameters necessary for pro- 
gram operation. Further analysis has provided a better 
theoretical base for these parameters. The disadvantage 
of the DDT program, as it was implemented for the 
Mariner Venus 67 mission, was that it would operate 
only in spacecraft mode 2 at 8% bits/s. 
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Operations with the DDT verified its usefulness as a 
data-gathering tool. Its use, in conjunction with some 
R&D improvements to the receivers at DSS 51, made it 
possible to receive usable telemetry about 5 dB below 
the point at which the MRH demodulator would nor- 
mally drop lock. 

The bit-error rate of the telemetry data near the useful 
limit of the DDT was higher than the 1/200 associated 
with the MRH demodulator threshold. This was to be 
expected, as the DDT useful limit was at a lower SNR 
than that of the MRH demodulator threshold. As a rough 
estimate, it was found that useful data could be obtained 
at bit-error rates approaching 1/25. 

?he ECR modifications that were made to the Mariner 
Venus 67 mission GTS to incorporate the DDT are de- 
scribed in Table VI-8. 

d. Recommendations. Recommendations for the MRH 
are contained in Volume I of this report. Field opera- 
tions during the Mariner Venus 67 mission confirmed 
these recommendations. (For example, it took as much 
as 6 mo or more for the project to be notified of the 
incorporation of ECRs; this was in spite of memoranda, 
TTY exchanges, and telephone calls requesting notifi- 
cation.) 

To facilitate hardware configuration control in future 
projects, it is recommended that a positive and timely 
reporting system be incorporated and enforced to con- 
firm the incorporation of ECR modifications. 

3. Radio subsystem performance. During the Mariner V 
flight, the operation of the radio subsystem (RSS), as 
indicated by telemetry, was as predicted, but with several 
minor discrepancies that require explanation, 

ECR No. 

8853 

8854 

8857 

8858 

Table VI-8. Ground telemetry system ECRs 
to incorporate DDT 

Function 

Added interface circuits between the TCP and the GTS 
BEC" to make their logic families compatible. 

Added a connector to the Mariner V encoder simulator 
so that required data could be sent to BEC. 

Added circuits to provide the necessary filtering, ampli- 
fication, and AC coupling of the receiver output 
signal to drive the beta TCP computer properly. 

Written to provide far the cable necessary to carry the 
composite signal from the GTS to the computer 
analog-to-digital converter. 

Notably predictable during the flight were various 
RSS supply voltages that were characterized by their 
stability. These were: channel 109 (power switch and 
logic volts), channel 301 (exciter -%-V monitor), and 
channel 302 (exciter - 15-V monitor). 

The operation of the TWT amplifier was also as ex- 
pected and highly stable, as shown by its telemetered 
parameters. The only item of interest w'as the current 
variations that were apparent on telemetry channel 300 
(cathode/helix current), shown in Appendix C, Fig. C-34; 
this phenomenon is a known characteristic of TWT ampli- 
fiers under these conditions. Aside from this phenomenon, 
the TWT helix current showed a decrease of only 1 DN for 
the length of the flight, with an occasional +l-DN 
short-term excursion (1 D N  is equivalent to 0.15 mA). 

The stability of the TWT R F  power output was also 
observed in the antenna-drive channels: channel 213 
(high-gain antenna drive) (see Fig. C-17) and channel 214 
(low-gain antenna drive) (see Fig. 6-18), Channel 213 
showed only 1-DN change during its entire active oper- 
ation (RSS in transmit high-gain antenna mode); this 
might be attributable to either a TWT power-output 
change or a change in the reflected power from the low- 
gain antenna caused by an impedance change with tem- 
perature (see channel 431). Channel 214 also exhibited 
only a 1-DN change during its TWT operation (RSS in 
transmit low-gain antenna mode). The only other change 
to these two channels occurred on day 263; this was a 
simultaneous increase of 1 DN on channel 214 and a de- 
crease of l DN on channel 213. The change was attributed 
to a change in impedance match outboard of the power 
amplifiers (antenna temperature changes), and was prob- 
ably not caused by any TWT variation. (On these 
channels, 1 DN is equivalent to about 0.16 dB in power.) 

Channels 300, 213, and 214 also monitored the cavity 
amplifier while it was in operation during the launch 
phase and for the first 10 days of the flight. During this 
time, channel 214 was steady, which was to be expected 
because the spacecraft was transmitting on the low-gain 
antenna. The first change came immediately after the 
amplifier was switched to full power by the Agena- 
separation event. The amplifier warmup curve at first 
appeared anomalous compared to Spacecraft Assembly 
Facility testing data. By comparing this flight warmup 
with the data obtained in space-chamber testing, how- 
ever, It was determined that the flight warmup was 
normal in a vacuum environment, the temperature gra- 
dients being different from those encountered in atmo- 
spheric environmental testing. 
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The second apparent power-output change came during 
the midcourse maneuver when both channels 300 and 
213 dropped 1 DN each (0.65 mA and 0.11 dB, respec- 
tively). This change was attributed to the temperature 
change caused by orienting the spacecraft for the maneu- 
ver. After the midcourse maneuver, the cavity amplifier 
returned to normal operation. 

Radio-subsystem temperature channel 404 (bay 5 tem- 
perature), channel 405 (bay 6 temperature), channel 418 
( A 0  No. 2 temperature), and channel 424 (VCO tem- 
perature) were also highly stable, and their changes during 
the flight were quite predictable (see Figs. C-40, C-41, 
C-55, and C-57). All of these channels followed the same 
general pattern: an initial decrease in temperature for 
the first flight day or two, then no changes until the 
midcourse maneuver caused a sharp upward transient. 
This was followed by a return to the same premaneuver 
temperature-stable point. The entire RSS increased in 
temperature when the TWT amplifier was switched on 
because the TWT dissipated approximately 29 W more 
than did the cavity amplifier. After this, the RSS tem- 
perature showed a long-term gentle slope upward as 
the spacecraft-sun distance decreased. Superimposed on 
this gradual increase were + 1-DN short-term excursions 
on channel 424 as the RSS VCO was switched on auto- 
matically by RSS acquisition of two-way R F  lock. In 
addition, both channels 404 and 405 showed +1- to 
+3-DN excursions caused by encounter and tape- 
recorder-on conditions. 

Channel 210 (spacecraft-receiver local-oscillator drive) 
showed a total change of 2 DN during the flight. The 
first DN change occurred when the TWT amplifier was 
switched on, and the second change occurred about 
two-thirds of the way to encounter. In addition, a 1-DN 
transient occurred during the midcourse maneuver. These 
were all increasing changes. Comparison of these three 
changes in channel 210 with the telemetry temperature 
channels shows that, when bay 5 temperature increased, 
so did local oscillator drive. This was normal and ex- 
pected receiver operation. 

Channel 229 (exciter R F  power output) was unchanged 
during the entire flight. 

Channels 111 and 215 (spacecraft-receiver AGC coarse 
and fine, respectively) are functions of ground-transmitter 
power, spacecraft-earth range, and antenna mode (both 
ground and spacecraft); these, of course, varied in ac- 
cordance with the above conditions. Their operation was 
normal. 

Channel 106 (spacecraft-receiver SPE) is dependent 
upon whether the receiver is in uplink lock and how 
far the received signal is off best-lock frequency. This 
channel also showed proper performance for the flight. 

The Mariner V RSS normal operation was characterized 
by a number of secondary interactions; that is, changes 
in one area of the subsystem affected the operation 
of other areas (sometimes seemingly unrelated areas). 

The significant variations of this type were all of the 
temperature-interaction variety. For example, an increase 
in temperature caused a decrease in cavity-amplifier 
cathode current and a subsequent, corresponding de- 
crease in spacecraft RF power output. An example of 
this condition was the RSS temperature increase that 
occurred during the midcourse maneuver. This was, of 
course, caused by the unusual spacecraft attitude with 
respect to the sun. 

Spacecraft-receiver local-oscillator drive showed a 
slight positive temperature coefficient. This led to the 
small increase in local-oscillator drive over the duration 
of the flight. However, this increase had no effect upon 
receiver performance. In particular, the receiver threshold 
showed no change at the end of the mission, compared 
with preflight measurements. 

Most notable of the temperature-sensitive RSS param- 
eters are the auxiliary oscillator and best-lock frequencies. 
Both of these frequencies exhibit a negative temperature 
coefficient. Before the flight, these curves were quite well 
defined experimentally to aid in flight operation. Another 
auxiliary oscillator characteristic that it was necessary to 
define was the warmup curve of frequency vs time. 
Some data were obtained in preflight testing (notably 
in the space simulator), but the best data were taken 
during flight under true space conditions. 

Another thermal interaction was caused by change in 
radio mode. Turning on the ranging channel caused an 
increased power dissipation and resultant heating in the 
area of the VCO module. This caused a small change in 
the best-lock frequency, and could be observed as a 
1-DN change in channel 424. 

In addition to the heating interactions, there were 
several transient operational characteristics. The execu- 
tion of a DC-V9 command to switch ranging on or off 
caused a small frequency anomaly in the VCO. This was 
caused by a current transient within a common power 
supply. This generally caused a momentary loss of com- 
mand lock, and, in some cases, a loss of RF lock. 
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The CC&S CY-1 pulses, which occurred every 66% h, 
generally affected the RSS only if ranging were on, in 
which case the CY-1 pulse turned ranging off, with the 
result mentioned above. 

a. In-flight postencounter radio subsystem test. After 
encounter, several special tests were performed to deter- 
mine whether the basic electrical parameters of the 
transponder had changed during the fIight. 

The ground transmitter was so adjusted in frequency 
that the spacecraft VCO frequency was pulled to 4-625 
and -491 Hz while monitoring telemetered SPE. The 
voltage sensitivity and center frequency of the VCO 
showed no change from the prelaunch data. 

The uplink power to the spacecraft was decreased to 
spacecraft-receiver threshold while offsetting the VCO 
best-lock frequencies: 0, +50, and 4100 Hz, respec- 
tively. When these data were compared with preflight 
data, it was determined that no receiver threshold degra- 
dation had occurred during flight. 

Command-lock threshold was also measured, and was 
found to agree with preflight data. This indicated that 
the receiver noise figure had not deteriorated. 

b. Conclusions and recommendations. The usefulness 
of telemetry channel 215 (AGC fine) was significantly 
less for this flight than it might have been if the range 
had been shifted upward 10 dB. The present range for 
this channel is from -131 to -151 dBmW. Usefulness 
would have been improved if the range had been shifted 
upward to -121 through -141 dBmW, as the greater 
portion of the flight was in this signal-strength range. 
Also, below -140 dBmW, the fine AGC is so noisy that 
it becomes practically useless at the present sample rate. 

Telecommunications personnel of the SPAC team 
would be better informed and, therefore, of more oper- 
ational usefulness if both the ground-transmitter and 
ground-receiver VCO frequencies were displayed in the 
SPAC area. These frequencies should be displayed with 
the doppler residuals removed; i.e., as the spacecraft 
would observe them, since all of the preflight RSS data 
were collected statically. 

More extensive use of on-line instrumentation com- 
puters during preflight calibration testing would save 
hundreds of man-hours in data reduction. This is par- 
ticularly applicable during tests involving frequency 
predictions, frequency stability, and ranging delay times. 

4. Interferometer performance. As is discussed in 
Volume I of this report, the uplink interferometer was 
used to extend the reception range of the RSS when 
operating in the normal encounter radio mode (transmit 
on high-gain antenna and receive on low-gain antenna). 
The nominal low-gain received signal, without the inter- 
ferometer effect, was predicted to reach command 
threshold at encounter with the DSS 85-ft antennas 
transmitting at 10 kW. To ensure command reception 
near encounter, it would have been necessary to enter 
encounter in the less desirable receive-high-gain mode 
or to redesign the low-gain antenna. 

Encountering in the receive-high-gain antenna mode 
was considered too risky because a DC-V15 (Canopus- 
gate override) might be used by AC during planetary 
flyby. This would keep the spacecraft from going into 
roll search if the Canopus sensor started to track a dust 
particle (which could be dislodged at APAC) far enough 
to lose Canopus lock during this critical period. Without 
a DC-V15, the spacecraft would go on inertial control 
and into roll search, which could result in loss of occulta- 
tion data. With a DC-V15 in effect, the gyros would be 
inhibited even if Canopus reference were lost; conse- 
quently, the RSS would not receive a switch-to-low- 
gain antenna signal from the CC&S subsystem. This 
would result in a loss of both uplink and downlink com- 
munications if the spacecraft had rolled far enough to 
point the high-gain antenna beam away from the earth. 
Also, if the spacecraft tried to reacquire Canopus the 
long way around, it could burn out the Canopus sensor 
if the bright limb of the planet entered its FOV. As a 
result, the mission was constrained to use a DC-V15, and 
to receive uplink commands via the low-gain antenna. 

Use of the interferometer, which is activated by the 
high-gain-antenna received signal combining with 
the normal low-gain-antenna received signal through a 
leakage path, precluded the necessity of a low-gain- 
antenna redesign. 

Analysis showed (see Volume I) that the isolation be- 
tween the high- and low-gain antennas had to be 
reduced to 9.5 k1.5 dB to assure uplink communications 
with worse-case phasing at or near encounter. During 
the flight, the exact phasing between the two received 
signals was indeterminate until the earth vector entered 
the interferometer region. At that time, after the location 
of a null and the peak to minimum amplitude was estab- 
lished, a realistic interferometer antenna pattern could 
be predicted and measured on the full-scale spacecraft 
antenna range. This was accomplished between Octo- 
ber 9 and 11, 1967. 
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From these measurements, three-dimensional contour 
plots of the interferometer pattern for both positions of 
the high-gain antenna (pre- and postencounter) were 
generated. These patterns are shown in Figs. VI-12 and 
VI-13, respectively. I t  could also be determined that the 
actual effective isolation between the antennas was 
8.0 dB instead of the designed 9.5 dB. The effect of this 
was to increase the received signal strength in the inter- 
ferometer region to the worst-case high prelaunch pre- 
diction. The change in isolation was probably caused 
by differences in antenna impedances on earth at room 
temperature and in space at cold temperatures. 

The actual and predicted interferometer received- 
signal strength for the 32 days before and after encounter, 
along with the positive and negative tolerance limits, are 
shown in Fig. VI-14. The plotted postencounter received- 
signal data points follow the predicted curve more 
closely than the pre-encounter points because the actual 
spacecraft sttitude, in its 3-axis limit cycle, was accounted 
for. The pre-encounter points were determined by aver- 
aging a large number of samples without regard for 
limit-cycle position. The APAC failure-mode, received- 
signal predictions, along with a plot of the nominal low- 
gain antenna received signal without the interferometer, 
are shown in Fig. VI-15. 

5. Flight command subsystem performance. Ground 
commands were used to acquire Canopus, perform a mid- 
course maneuver, switch power amplifiers, initiate and 
back up encounter, perform several in-flight tests, and 
condition the spacecraft for postencounter cruise. During 
this period, the command subsystem performed as 
designed, and no anomalies attributable to command- 
subsystem malfunction were observed. Ground stations 
transmitted 96 commands to the spacecraft from launch 
on June 14, 1967, through conditioning of the spacecraft 
for long-term cruise on November 21, 1967. 

One command transmitted from the ground was not 
processed by the command subsystem. This was a DC-V12 
command transmitted on November 7, 1967, during a 
postencounter maneuver sequence. The spacecraft was in 
a roll-search mode, near an antenna-pattern null, when 
the command was received. The spacecraft receiver 
momentarily dropped uplink RF lock, causing the com- 
mand subsystem to drop lock, and inhibiting the proces- 
sing of the DC-V12. This is proper command-subsystem 
operation. 

After encounter, a series of tests was run to verify that 
the command subsystem had not degraded during the 

mission. From these tests, it was ascertained that the 
command-subs ystem lock-up point and threshold had not 
degraded since launch. It was determined that the com- 
mand subsystem would maintain a marginal lock status 
down to a spacecraft-received carrier power of - 146 
dBmW, which is comparable to prelaunch data. This 
result is in agreement with the results of similar tests per- 
formed with the Mariner ZV spacecraft in 1964 and 1967. 

6. Data encoder performance. The Mariner V data 
encoder received data from both engineering and science 
subsystems, coded them, added synchronization data, 
and transmitted the data to earth. Data from launch, 
midcourse-maneuver, cruise, encounter, and post- 
encounter operations were transmitted to earth with no 
data-encoder anomalies. 

As expected, spacecraft power transients resulted in sev- 
eral deck skips and resets, but these are well-characterized 
phenomena for which a fix was proposed during the design 
phase of the mission. The fix was judged not to be 
necessary to mission success; therefore, it was not imple- 
mented. Data encoder deck-skip phenomena were ob- 
served six times during the mission. The first occurred at 
Agem-spacecraft separation, and the other five when the 
battery charger was turned off. Both of these conditions 
are recognized sources of spacecraft power transients that 
have resulted in deck skips during spacecraft systems 
tests. Unlike Mariner ZV, Mariner V did not experience 
deck skips when the spacecraft passed through the 
Van Allen belt soon after launch. 

The Mariner V spacecraft was launched with the data 
encoder on A/DC and pseudo-noise generator (PNG) 
combination B, and this was used throughout the mission. 
Power was not applied to A/DC-PNG combination A dur- 
ing the flight. At launch, the telemetry bit rate was 33% 
bits/s, and there was sufficient ground-received signal 
to support this rate until E-87 days. CC&S command 
MT-6 was then used to switch the bit rate to 8% bits/s, at 
which it remained for the rest of the mission (except for 
some tests run to check calibration of the UV photometer). 

7.  Tape-recorder subsystem performance. The tape- 
recorder subsystem (TRS) was first operated in launch 
mode a.s the spacecraft was launched. At Agenu separation, 
a signal was sent to the TRS to shut off the launch motor 
at the next EOT. The tape stopped in the proper position 
for Venus encounter. The TRS was placed in cruise mode, 
with 283 tape passes (16 at launch), 224.3 h on the new 
electronics, and 690.3 h on the 1964 electronics. In the 
cruise mode, TRS power was off. 
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Fig. VI-1 4. Uplink received signal strength in interferometer region 

a. Encounter phase. On October 19,1967, the TRS was 
turned on by a DC-V25 command in preparation for the 
Venus encounter. A counter 3 event occurred at this time; 
this was the predicted EOT pulse that occurs in this sub- 
system at power turn-on. Telemetry channel 227 (2.7-kHz 
inverter output current) increased from 62 to 65-66 DN, 
indicating that the TRS was in the standby mode. 

At PSO, the record motor was turned on, and it ran 
until stopped by the EOT signal 2 h, 7 min later. The 
science status bits for record motor on, track 1 data, track 2 
data, stop record signals, and start record signals indicated 
normal operation. The times at which these events oc- 
curred are listed in Table VI-9. 

b. Postencounter phase. On October 20,1967, a DC-V4 
command was sent to start playback. The TRS began 
playback on track 1, and the encounter data were played 
back twice to assure that all data were recovered. Play- 
back performance was normal, with playback times very 
close to those predicted. A chart of the predicted playback 
times is shown in Fig. VI-16. 

The TRS dropped lock several times during playback, 
but this was expected on the basis of bit-error tests that 
were performed before launch. Typically, one bit of data 
is dropped during a loss of lock because the motor runs 
faster during this time and the data bits are “squeezed.” 
An illustration of this function is provided in Fig. VI-17. 
The actual bit-error rate of this playback will not be 
known unless a bit-by-bit analysis of the data is made. 
Bit-error tests on this subsystem at JPL produced one 

error in 0.64 X lo5 bits. There were both loss-of-lock and 
single-bit errors, with single-bit errors predominating. 

The tape positions as EOT occurs (the record head 
drive is inhibited and the record motor stopped) and 
after the tape has come to rest are shown in Figs. VI-18 
and VI-19. The distance indicated as record-motor run- 
down cannot normally be recorded when the tape recorder 
is aboard the spacecraft and an EOT signal stops the 
tape because of this rundown time. This segment of 
the tape is recorded during bench tests by inhibiting the 
EOT sensor so that it does not sense an EOT. An all-ones 
code was recorded on this portion of the tape as a result 
of a flutter test performed before the TRS was placed 
aboard the spacecraft. 

At the beginning of track 1 data, the starting points of 
several old record sequences were seen because the tape 
does not stop at exactly the same spot each time as it 
slows down from launch-mode speed. The total tape 
distance on which these sequences were seen was approxi- 
mately 1.2 in. This was expected; the large number of 
tape passes at launch should have loosened up the tape 
pack so that it would slow down farther than it had when 
in the Spacecraft Assembly Facility, where the tape was 
normally positioned with only one tape pass. 

At the end of the second playback, the TRS switched 
to track 1, and began the third playback. A DC-V2 was 
so timed that the playback was stopped just as track 1 
encounter data were reached. This left the tape positioned 
as it had been before encounter. The TRS was then 
turned off by a DC-V28 command. 
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Table VI-9. log of Mariner Venus 67 mission tape recorder subsystem operations 

Day Earth-observed 
Event/comment (1967) time, GMT ommand 

Venus encounter 

DC-V25 

DC-V24 

__. 

292 

292 

293 

294 

295 

0 2 3 8  :25 

10:50:00 
16:33:57 t 2 5  
16:34:29 
16:46:46 
18:34:18 

18:41 :51 
18:47:45 

07:24:46 
07:26:12 
07:44:33 

08 :00:36 
08 :15:39 

08:17:52 

01 :13 :O 1 

01 :14:28 
01 :14:35 
01 :32:59 

01 :49:03 
03:58:08 

18:18:29 
19:18:17 

19:19:54 
1 9:3 8 :08 

19:54:14 
20:09:32 

20:l 1 :45 

13:06:52 

13:08:20 
13:08:28 
13:26:03 

13:42:06 
1 5:5 1 :29 

TRS power on; counter 3 event 
from EOT; channel 227, 
65-66 DN 

Switch to mode 3 
Planet sensor output 
Record motor on, track 1 doto 
Track 2 data start 
Track 2 data stop; stop and 

End of tope 
Switch to mode 2 

MT-9; start playback i n  mode 4 
Switch to mode 1 
Switch to mode 4; begin trock 1 

test pottern 
Switch to mode 1 
Switch to mode 4; beginning of 

several old record sequences 
Begin track 1 Venus encounter 

dota 

start-record signals 

EOT No. 1 ; switch to mode 1 ; 
counter 3 event 

Switch to mode 4; oll ones 
Switch to mode 1 
Switch to mode 4; begin track 2 

test pattern 
Switch to mode 1 
Switch to mode 4; begin track 2 

Switch to mode 1 
EOT No. 2; counter 3 even?; 

switch to mode 4; begin 
second playback 

Venus encounter dota 

Switch to mode 1 
Switch to mode 4; begin track 1 

test pattern 
Switch to made 1 
Switch to mode 4; beginning of 

several old record sequences 
Begin track 1 Venus encounter 

data 

EOT No. 3; switch to mode 1 ;  

Switch to mode 4; al l  ones 
Switch ta mode 1 
Switch to mode 4; begin track 2 

test pattern 
Switch to mode 1 
Switch to mode 4; begin track 2 

counter 3 event 

Venus encounter data 

- 
:omman 

DC-V2 

DC-V28 

296 

296 

296 

Earth-observed 
time. GMT 

06:ll :50 
07:l 1 :39 

07:13:13 
07:3 1 :3 1 

07:47:31 
08 :02:54 

08 :04:54 

08:35:27 

Event/comment 

Switch to mode 1 
EOT No. 4; switch to mode 4; 

begin third playback; 
counter 3 event 

Switch to mode 1 
Switch to mode 4; begin track 1 

test pattern 
Switch to mode 1 
Switch to made 4; beginning of 

several old record sequences 

Switch to mode 2; stop play- 
back 13 s before start of 
track 1 Venus encounter dota 

TRS power off; channel 227, 
61 DN 

Firs? UV-photometer calibration sequence 

09:26:47 
09:31 :51 

10:24:46 
10:42:09 

12:25:48 
14:33:30 
21 :11:59 
21 :13:23 
21 :31 :44 

2 1 :47:4 1 

22  :03 :08 

2 2  :06:4 1 

15:00:04 

1 5 :01 :3 2 
15:Ol :39 
15:19:15 

15:35:16 
17:45:54 

19:57:07 
05:12:25 
17:21 :I7 
18:19:08 
18:20:42 
18:39:01 

18:55:03 

Science off 

TRS and science on; counter 3 

Start DAS clock A 

Switch to mode 2; channel 227, 

Start recording 
EOT; counfer 3 event 

Stort playback in mode 4 
Switch to mode 1 
Switch to mode 4; begin track 1 

Switch to mode 1 ; channel 227, 

Switch to mode 4; beginning of 

Stort of UV-photometer calibration 

event 

66 DN 

test pattern 

68 DN 

old record sequences 

data 

EOT; switch to mode 1 ; counter 3 

Switch to mode 4; all ones 
Switch to mode 1 
Switch to mode 4; begin track 2 

test pattern 
Switch to mode 1 
Switch to mode 4; begin track 2 

Switch to mode 2; stop playback 

Start playback in track 2 
Switch to mode 1 
EOT; counter 3 event 
Switch to mode 1 
Switch to mode 4; begin track 1 

leader data 
Switch to mode 1 

event 

UV-photometer calibrotion dota 
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CASE I: TRACK 1 PLAYBACK FIRST 

I f + 
NO TRACK1 NO NO TRACK2 NO NO 

DATA TEST DATA TRACK I DATA DATA TEST DATA TRACK 2 DATA DATA 
(DM-I) PATTERN (DM-I) (DM-I) PATTERN (DM-I) (DM-I) 

MT-9 
I 

1 r  f i 
NO TRACK2 NO NO NO TRACK1 NO 

DATA TEST DATA TRACK 2 DATA DATA DATA TEST DATA TRACK I DATA 
(DM-I) PATTERN (DM-I) (DM-I) (DM-I) PATTERN (DM-I) 

EOT 
I 

EOT 
I 

CASE 2 :  TRACK 2 PLAYBACK FIRST 

MT-9 EOT 
I I 

EOT 
I 

Fig. VI-16. Mariner V playback times 

TRS DATA OUTPUT n r 
DATA ENCODER 

DATA DURING LOSS 
BIT SYNC 

OF LOCK 

THIS BIT IS DROPPED 

Fig. VI-17. How a bit is  dropped 
during loss of lock 

35 in.+ n PLAYBACK 

pprEgINSOR DIRECTION OF TAPE MOVEMENT- 

Fig. VI-18. Tape position after 
playback-motor rundown 

4 O i T  RECORD MOTOR RUNDOWN 
/J;T SENSOR 

Fig. VI-19. Tape position after 
record-motor rundown 

On November 7, 1967, a second encounter sequence 
was performed while the spacecraft was rolling. The 
purpose of this exercise was UV-photometer calibration. 
A counter 3 event was observed when the TRS was turned 
on by a DC-VS. Science was reset by a DC-V26 and a 
DC-V25. Clock A was started by a DC-VlG, which began 
the encounter sequence. The record sequence was normal, 
and was performed with the data encoder in mode 2. 

A DC-V4 command started playback on track 1. Play- 
back was stopped on track 2 by a DC-V2, and resumed 
the next day by a DC-V4 because of no DSN coverage 
during that time. Playback continued into track 1, and a 
DC-V2 stopped playback just as track 1 UV-photometer 
data were reached, leaving the tape positioned as before. 
The TRS was turned off by a DC-V28 command. 

On November 19, 1967, a second UV-photometer exer- 
cise was performed in the same manner as the first. A 
DC-V25 turned on the TRS in the standby mode. A 
counter 3 event occurred at this time. Science was reset 
by a DC-V26 and a DC-V25, and the encounter sequence 
was run by science clock A starting a DC-V16. The data 
encoder was in mode 2 during thk test. 

A DC-V4 started playback on track 1. Playback con- 
tinued through track 1 and into track 2. A DC-V2 stopped 
the playback in the mode 1 portion of the track 2 leader 
data. Track 2 was not played back. The tape was then 
positioned about 2 min of record time past the start of 
track 1 data. If another record sequence had been started 
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from this point, the record time to EOT would be about 
125 min. The TRS was turned off by a DC-V25 command. 

c. Temperature and pressure profiles. At launch, telem- 
etry channel 304 (tape-recorder pressure) was 66 DN, or 
20.56 psia. This pressure increased with an increase in 
temperature until it stabilized at 68 DN, or 21.18 psia, on 
day 203 and has since remained at this value. 

From launch on day 165 until day 178, channel 436 
(tape-recorder temperature) varied from 54 to 60°F. 
On day 178, the TWT amplifier was switched on, and the 
temperature increased to 62°F. From this point, the tem- 
perature slowly increased to 663°F at Venus encounter. 
When the TRS was turned on, the temperature rose to 
683°F) increased to 72.7"F during the record sequence, 
and was 71.7"F during playback. 

At the first UV-photometer calibration sequence, the 
temperature increased from 66.8 to 68.8"F with TRS 
power on, and increased to 72.7"F during the record 
and playback sequences. 

At the second UV-photometer calibration sequence, the 
temperature was 683°F before the TRS was turned on; 
available data indicated the temperature to be 71.7"F 
during playback. 

These temperature changes were expected. In general, 
the temperature should rise about 2°F when the TRS is 
turned on, and 2 3 ° F  when it is in a record or playback 
mode. The last data available, on day 325, indicated that 
the temperature had stabilized at 68.8"F. 

The Mariner V TRS performance was excellent. A 
normal Venus encounter record and playback sequence 
was performed. The TRS dropped lock several times 
during this playback, but this was within the performance 
criteria for the subsystem. A bit-error rate is not known 
at present, and is pending a complete comparison of the 
two playbacks. 

During the two UV-photometer calibration sequences, 
the TRS performed normally. It appeared that the drop 
of lock during playback of the first calibration sequence 
did not occur as often as the Venus encounter data play- 
back. However, as with the encounter data, a bit-by-bit 
reconstruction of the data would be necessary to evaluate 
the bit-error rate. 

The tape-recorder temperature and pressure were as 
expected, with readings of 21.18 psia and 68.8"F on 
day 325. 

The tape was positioned just past the start of track 1 
data. A record sequence starting from this position would 
run 125 min to the end of the tape. 

8. Dual-frequency receiver antenna subsystem per- 
formunce. On day 311 of the Mariner Venus 67 mission 
(November 7,1967), the spacecraft was rolled three times. 
Data on the DFR antenna pattern were obtained from the 
SNR data received at the spacecraft and telemetered to 
earth. This subsection presents these results, and compares 
them with performance requirements and predictions. 

a. Performance predictions. Two Stanford specifications 
of interest were as follows: 

Gain in the direction of earth at encounter relative 
to linear isotropic: 
(a) 49.8-MHz antenna 2 0 dB. 
(b) 423.3-MHz antenna 2 f 4  dB. 

The primary pattern coverage requirement for each 
antenna is the minimum gain at encounter specified 
above. The antenna pattern should contain no rapid 
variations or nulls within the envelope of expected 
look angles to earth predicted for the period from 
L + 1 mo to encounter. 

The gains predicted by JPL (in the direction of earth 
at encounter relative to linear isotropic) for the 49.8- and 
423.3-MHz antennas were + O S  and +6.5 dB, respec- 
tively, referenced at the antenna terminals. For each 
antenna, a broad main beam in the direction of earth at 
encounter was predicted, with no nulls in the direction 
of the required look angles. 

The data provided to Stanford were based upon mea- 
surements with l :8.5, l :5, and full-scale model spacecraft. 
Circularly polarized illumination was desired because the 
Stanford illuminator was to be circular during the actual 
mission. The final iteration of 423.3-MHz antenna data 
furnished to Stanford by JPL consisted of a full-sphere- 
coverage contour plot recorded at 423.3 MHz with circu- 
larly polarized illumination. For the 49.8-MHz antenna, a 
circularly polarized illuminator was used with the scaled 
models. At full scale, a circularly polarized, 49.8-MHz 
antenna was not available, and linearly polarized illumi- 
nation was used. Only limited coverage over the sphere 
surrounding the spacecraft could be obtained with linear 
illumination because of polarization loss at certain angular 
orientations. Therefore, the full-sphere-coverage contour 
plot for the 49.8-MHz antenna, which was furnished to 
Stanford by JPL, was that of the 1:8.5 scale model. The 
gain predicted by the scaled model measurements was 
2 dB higher than that predicted by the full-scale data. 
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SPACECRAFT CLOCK ANGLE, deg 

Fig. VI-20. DFR 49.8-MHz antenna patterns from flight data and predicted performance 

b. Flight results. On day 311, the spacecraft was rolled 
three times. The SNR data received at the spacecraft by 
each antenna from earth-based transmission were included 
as telemetry data, and transmitted to earth. The results 
are included in the form of pattern data in Figs. VI-20 
and VI-21 for the 49.8- and 423.3-MHz antennas, respec- 
tively. The patterns recorded on the JPL range for each 
antenna are included for comparison. The gain reference 
point in each case is at the antenna terminals. 

49.8-MHz antenna. The JPL-predicted 49.8-MHz an- 
tenna performance shown in Fig. VI-20 includes that from 
both the 1:8.5-scale model, full-sphere contour plot and 
the full-scale patterns recorded with linearly polarized 
illumination. The full-scale data are not plotted over the 
full 360 deg because of polarization-loss discrepancies. 
It is difficult to assess the accuracy of the JPL-predicted 
49.8-MHz antenna performance based upon the flight data 
because scientific analysis has not been completed. 

0 3 

The received-signal strength is determined as a function 
of received SNRs. The SNRs may be degraded by cosmic 
noise. This would result in an apparent dip in the antenna 
pattern. Consequently, complete scientific analysis of the 
cosmic-noise effects is necessary to obtain an accurate 
determination of the pattern level. 

The predicted gain and pattern data based upon the 
fulI-scale measurements were within &1 dB of the flight 
data in the region plotted. These results are especially 
good when the difficulty of making accurate pattern 
measurements at 49.8 MHz is considered. 

423.3-MHz antenna. The JPL-predicted 423.3-MHz 
antenna performance shown in Fig. VI-21 is from the 
full-sphere contour plot, which was taken from full-scale 
patterns recorded with circularly polarized illumination. 
It may be seen that the predicted performance is in excel- 
lent agreement with the flight data, and is within k0.5 dB 
over most of the main lobe. 
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F. Guidance and Control Subsystem Performance 

I .  Introduction. The spacecraft control subsystems for 
the Mariner Venus 67 mission consisted of the AC sub- 
system; the autopilot; and the earth, planet, and termi- 
nator sensors. The AC subsystem oriented the spacecraft 
to a set of celestial references (the sun and the star 
Canopus), and maintained that orientation throughout the 
cruise and encounter phases of the mission. In addition, 
the AC subsystem had the capaljility to rotate the space- 
craft about two axes to some new position for the mid- 
course maneuver, and, upon termination of the midcourse- 
maneuver sequence, to return to the sun-Canopus orien- 
tation. If a noncatastrophic disturbance caused the AC to 
lose these references, the subsystem had the capability 
to reacquire them. Finally, spacecraft attitude about one 
axis could be inertially referenced and controlled by 
ground command. 

The autopilot controlled spacecraft attitude during the 
motor-burn portion of the midcourse-maneuver sequence 
by deflecting the motor-thrust vector. The spacecraft 
position and rate were inertially referenced during the 
entire midcourse-maneuver sequence, and appropriate 
commands from the autopilot aligned the motor-thrust 
vector with the spacecraft center-of-mass to maintain 
spacecraft stability and maneuver accuracy. 

The function of the earth sensor was to provide a backup 
reference for the midcourse maneuver. In case of failure 
of the Canopus sensor (which referenced spacecraft posi- 
tion to Canopus), the earth sensor could be used to refer- 
ence spacecraft position to the earth. The planet sensor 
was designed to detect the lighted limb of Venus as 
Mariner V approached the planet, and then to send a sig- 
nal to the DAS to initiate the science encounter sequence. 

The function of the terminator sensor was to detect 
the terminator of the planet when the spacecraft was 
occulted by the planet, and then to send a signal to the 
pyrotechnics subsystem to initiate the high-gain APAC. 

2. Description. 

a. Attitude control. The AC subsystem is functionally 
composed of the control electronics package, gyro control 
assembly (GCA), sun sensors, sun gate, Canopus sensor, 
and gas system. The three spacecraft gyros in the GCA 
are turned on before launch to maximize their chances 
of surviving the launch environment and to minimize the 
possibility of a spin-motor bearing race being brinelled. 
The gyros are thus able to provide spacecraft rate data 
during the Atlas and Agena thrusting periods and at 
spacecraft-Agenu separation. Upon separation, the PAS 
turns on the AC subsystem. 

The sun-acquisition process begins immediately, with 
the cruise and acquisition sun sensors supplying position- 
error signals and the gyros providing rate limiting. Jet 
valves at the ends of the solar panels torque the space- 
craft by expelling nitrogen gas, and the spacecraft turns 
to face the solar panels towards the sun. In this position, 
the spacecraft positive roll axis points at the sun. 

When the roil axis is within a cone of approximately 
5 deg half-angle centered on the spacecraft-sun line, the 
sun gate is enabled, and the acquisition sun sensors are 
deenergized. Position-error signals are then generated by 
the cruise sun sensors, and the spacecraft roll axis is main- 
tained on the sun line to within + O S  deg. The sun gate 
event also initiates a controlled turn at a nearly constant 
rate of -3.5 mrad/s (12.1 deg/min ccw) about the roll 
axis. This is the magnetometer-calibrate roll spin. 

At CC&S event L-3,997 min after launch, the Canopus 
sensor is turned on, and the roll rate is reduced to the 
search rate of -2.0 mrad/s (6.88 deg/min ccw), begin- 
ning the star-acquisition process. When a light source of 
sufficient intensity falls within the FOV of the Canopus 
sensor, the sensor enables the Canopus-gate logic circuits 
in the control electronics. If the position-error signal 
generated by the sensor fulfills the acquisition logic, that 
signal is switched into the roll-control circuits, and the 
signal generating the search rate is removed. If the object 
in view is not Canopus, the roll search can be reinitiated 
by ground command, and the acquisition process can be 
repeated indefinitely until Canopus is acquired. 

Approximately 205 s after a celestial object is acquired 
in this manner, the spacecraft gyros are automatically 
turned off. The spacecraft is now stabilized in position 
with the sun and Canopus (or some other object) as 
references. 

Rate stabilization is achieved in the following manner: 
When the spacecraft angular deviation (as measured by 
the sun or Canopus sensor) exceeds 10.5 deg about the 
pitch and yaw axes (two orthogonal axes normal to the 
roll axis), or t0 .25  deg about the roll axis, the error signal 
generated by the sensor is processed by the control elec- 
tronics to energize two gas-jet valves for 20 ms. These 
valves produce a couple (acting on one axis through the 
spacecraft CG) that tends to reduce the error signal. 
Ideally, only one 20-ms impulse is needed to reduce the 
error to within the given limits (the deadband), but 
the process is repeated if necessary. 

To control spacecraft rate, a signal proportional to the 
length of time a jet valve has been on is reapplied to 
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the control electronics, and summed with the position- 
error signal. Thus, two jet valves will be €wed when the 
deadband is exceeded. If the spacecraft rate is too high, 
however, a single firing will not be enough to return 
the spacecraft to within the deadband, and the valves 
will be fired again. The error signal from the sensor is 
reduced by an amount proportional to the time the valves 
have been on, and the spacecraft rate is reduced by the 
torquing action of the gas thrust. 

This process continues until (1) the spacecraft rate has 
reached zero or reversed direction or (2) the feedback 
signal reaches a preset clamp level, If the spacecraft rate 
is zero and the valves are not firing, the decay of the 
feedback signal will cause the valves to fire, reducing 
the error signal. If the spacecraft rate has reversed 
direction, the error from the sensor will be reduced as 
a function of the change in position of the spacecraft, 
and the valves will not be fired. If the feedback signal 
has reached its clamp level, the valves will continue to 
fire until the spacecraft rate is reversed and the error 
signal is within the deadband. This derived-rate feedback 
thus limits spacecraft rates in the steady state, and permits 
the spacecraft gyros to be turned off, establishing the 
cruise mode of operation of the AC subsystem. 

During the midcourse-maneuver sequence, the space- 
craft is repositioned to point the PIPS thrust vector in 
some arbitrary, ground-determined direction. This is ac- 
complished by turning on the gyros, placing them in 
the inertial (rate-plus-position) mode, and turning off all 
sensors. Spacecraft rate and position are then controlled 
by the gyros, and a turn at a constant rate for a com- 
manded duration is performed about the pitch and roll 
axes (in that order). The turn is produced by introducing 
a constant-error signal into the gyro control loop. To null 
the error, the spacecraft is turned at a constant rate by 
firing gas-jet valves to accelerate the spacecraft to a rate 
at which the rate-signal-minus-error signal is within the 
rate-plus-position deadband. The duration of the error 
signal is determined by ground command; when the signal 
is removed, the spacecraft decelerates until the rate-plus- 
position mode is again within the deadband. In this 
manner, the spacecraft can be repositioned to any desired 
orientation. 

Upon termination of the maneuver sequence, the sun- 
acquisition process described above is initiated. When 
the sun is acquired (Le., when the sun-gate event occurs), 
the star-acquisition process is initiated. Cruise-mode oper- 
ation is again established when Canopus is acquired, and 
the gyros are turned off. 

If the Canopus sensor loses acquisition of Canopus, the 
gyros are turned on, and the star-acquisition process is 
repeated. If the sun sensors or sun gate lose sun acquisition, 
the gyros are turned on, and the sun-acquisition process 
is repeated, followed by the star-acquisition process. If 
the disturbance was noncatastrophic, these processes will 
be normal, and cruise mode will be reestablished. By 
ground command, it is possible to prevent the gyros from 
being turned on upon a loss of acquisition. In this mode, 
sun acquisition using derived rate is possible because the 
acquisition sun sensors have a 4~ sr FOV, and provide 
an error signal regardless of spacecraft orientation. How- 
ever, the Canopus sensor has a limited FOV, and acqui- 
sition of a given star may not be possible. 

If the Canopus sensor should fail or be unable to 
function properly, an alternative mode of roll control is 
available. The spacecraft gyros are turned on by ground 
command, with the roll gyro placed in the inertial (rate- 
plus-position) mode and the pitch and yaw gyros placed 
in the rate-only mode. In this roll-inertial-control mode, 
spacecraft position in pitch and yaw is controlled by the 
sun sensors; spacecraft rate in pitch and yaw is controlled 
by derived-rate and pitch-and-yaw-rate gyros; and space- 
craft rate and position in roll are controlled by the roll 
gyro. Spacecraft position in roll can also be controlled 
by ground command in the form of 2.25-deg cw or ccw 
incremental turns, each 2.25-deg turn requiring a com- 
mand. This mode requires careful surveillance of the 
spacecraft, as a typical gyro drift rate requires one com- 
mand per day to update the position of the spacecraft. 

b. Autopilot. The spacecraft autopilot is functionally 
composed of the autopilot electronics (physically located 
within the control electronics), the GCA, and the thrust- 
vector-control assembly, the latter of which, in turn, is 
composesd of four jet-vane actuators (JVAs) and a mount- 
ing ring. The autopilot is turned on at the start of the 
pitch turn in the midcourse-maneuver sequence, but has 
no effect on spacecraft attitude until the PIPS motor is 
ignited. If the motor thrust vector does not pass through 
the spacecraft center of mass (c.m.), a torque is generated 
on the spacecraft, and the spacecraft begins to turn. The 
gyros generate error signals, which are processed by the 
autopilot electronics, transforming them into appropriate 
vane-rotation commands to the JVAs. The jet vanes are 
located in the exhaust stream of the PIPS, and vane 
rotations deflect the net thrust vector so that it tends to 
pass through the c.m. In this manner, the autopilot main- 
tains spacecraft stability and thrust-vector pointing 
accuracy. 

Error signals are received by the autopilot electronics 
from the GCA that are referenced to the spacecraft pitch, 
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yaw, and roll ( X ,  Y, and 2) axes. The autopilot i s  refer- 
enced to the a-b-c coordinate system, where a is the 
direction of the undeflected thrust vector, b is normal to a 
and parallel to the X-Y plane, and c completes the right- 
hand coordinate system. Because the undeflected thrust 
vector points out of bay 2 of the spacecraft, the projection 
of the a axis on the X-Y plane forms an angle with the 
X axis of 45 deg; because PIPS can be tilted in its mount- 
ing frame to minimize the offset of the spacecraft c.m. 
from the undeflected thust vector, the angle between the 
a axis and the Z axis is 88.5 deg. 

Corrective torques about the a axis are produced by 
rotation of all four jet vanes in the same sense; torques 
about the b axis are produced by rotation of the vanes 
mounted in the a-b plane; and torques about the c axis 
are produced by rotation of the vanes lying in the a-c 
plane. The autopilot electronics must then transform the 
X-Y-2 referenced gyro outputs to appropriate commands 
in the a-b-c system. This is accomplished by each of the 
three gyros feeding each of the four JVA amplifier inputs 
through a scaling resistor. These 12 resistors, plus an 
additional roll-scaling resistor and three differential-input 
balancing resistors, form the autopilot resistor-mix matrix. 
The mix matrix can be adjusted to compensate for changes 
in the spacecraft dynamical properties, PIPS tilt angle, 
and known CG offsets by removal and replacement of 
resistors. 

c. Earth sensor. The function of the earth sensor was to 
provide an independent and backup roll reference for 
the midcourse maneuver. If the Canopus sensor should 
fail or function improperly, the earth could be used as a 
roll reference by placing it in the FOV of the sensor and 
maintaining the spacecraft position with the roll-inertial- 
control mode. 

Earth could be acquired in two ways: (1) placing the 
spacecraft in the roll-inertial-control mode and incremen- 
tally stepping the spacecraft in roll by ground command 
until earth had been acquired; or (2) placing the space- 
craft in the roll-search mode until earth appeared in the 
FOV of the sensor, and then commanding the roll-inertial- 
control mode. 

necessary; therefore, for Mariner V, the sensor was re- 
located on the spacecraft, and its FOV was modified from 
26 deg in clock and 83 deg in cone to 3 deg in clock and 
50 deg in cone. This narrow-clock-angle FOV helps to 
define the position of the earth in spacecraft roll, whereas 
the cone-angle FOV permits the use of earth as a reference 
for the range of launch dates. The earth sensor provides 
a usable output up to 20 days after launch. 

d. Planet sensor. The planet sensor was a newly de- 
signed instrument, based upon the Mariner IV narrow- 
angle Mars gate. The function of the planet sensor was 
to sense the lighted limb of Venus when the spacecraft 
was 60 k 2 6  min from closest approach to the planet, and 
to provide a PSO signal to the DAS at that time. This 
signal would be used to initiate the science encounter 
sequence (start DAS clock B, begin tape recording on 
track 1, inhibit the UV-photometer calibrate sequence). 

The planet appears as a crescent as the spacecraft 
approaches it from above the planet orbital plane, and 
the planet sensor is so mounted on the spacecraft that 
its FOV sweeps over the near horn of the crescent. To 
maximize the total amount of light entering the 4.55 X 1.55- 
deg rectangular FOV, the major axis of the FOV is rotated 
41.4 deg cw from the sensor vertical (the vertical is per- 
pendicular to the mounting plane), so that the major axis 
is more nearly aligned with the horn. The sensor is 
mounted on the spacecraft at a look-angle of 0 deg clock 
and 24.9 deg cone, necessitating a high straylight rejection 
factor to avoid a PSO from sunlight when the instrument 
is energized by the DAS at CC&S event MT-8. 

e. Terminator sensor. The terminator sensor is a modi- 
fied Mariner IV narrow-angle Mars gate, whose function 
is to sense the terminator of Venus during the time that 
the spacecraft is radio-occulted by the planet. When 
energized at CC&S event MT-7, the terminator sensor 
draws excitation power from the pyrotechnics subsystem, 
and supplies a signal to that subsystem at TSO. This 
signal is used to trigger the pyrotechnics circuit that fires 
the high-gain APAC squibs. 

As the spacecraft approaches midoccultation, the planet 
appears gibbous, with the terminator at a cone angle 
greater than 90 deg. To maximize the distinction between 
the lighted and dark areas on either side of the terminator, 
the look angle of the sensor was chosen so that the FOV 
sweeps across the central portion of the planet. The FOV 
is 1.5 deg in clock and 2.5 deg in cone, centered on look 
angles of 110 deg in clock and 110 deg in cone. 

The Mariner V earth sensor was a modification of the 
Mariner IV earth detector. The earth detector was so 
located on the Mariner N spacecraft that, when Canopus 
was acquired by the Canopus sensor, earth would appear 
in the FOV of the earth detector, verifying that Canopus 
was the star acquired. Flight operations experience with 
the star-acquisition process showed that this aid was not 
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3. Flight performance. 

a. Launch. The spacecraft gyros were turned on when 
spacecraft power was turned on at 01:07:30 GMT on 
June 14, 1967. Gyro-heading data taken at about 04:OO 
GMT agreed with the data from the previous day, and 
were about 1.7% off the heading circle generated by the 
gyro calibrations at AFETR. 

Predicted 

Zero residual (Agena) rate 

3u (0.14 deg/s) residual rate 

Actual (best estimate) 

The heading circle and on-pad heading data are shown 
in Fig. VI-22. The azimuth of the +X axis is determined 
by the point on the circle defined by the on-pad heading 
data; this agrees closely with the reported Canopus-sensor 
azimuth (the sensor is 45 deg ccw of the + X  axis). 

Pitch, Yaw, Roll, Vector sum 

deg/s deg/s deg/s deg/s 

0.23 0.91 - 0.94 

0.33 1.04 - 1.07 

0.43 -0 .99  -0.23 1.10 

The countdown proceeded without incident until liftoff, 
but some gyro activity (typically, s0.3 mrad/s) occurred 
before launch, indicating launch vehicle sway, probably 
from winds. Launch occurred at 06:01:00.176 GMT. The 
gyro activity from launch to the start of sun acquisition 
is shown in Fig. VI-23; the event numbers are keyed to 
the events listed in Table VI-10. An expanded plot of the 
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Table VI-10. Mariner V launch eventsa 

Eventb 

Launch 
Atlas roll maneuver 

Atlas pitch maneuve 

BECO and booster 

SECO 
VECO and shroud 

Separation 

separation 
Ageno first-burn 

ignition 
Agena first-burn 

cutoff 
Agena second-burn 

ignition 
Injection 
Agena second-burn 

cutoff 
Agena-spacecraft 

separation: PAS, 
AC on 

SIT: solar panels 
deploy 

Time, GMT 

06:Ol :00.176 
06:01:02- 

06:01:15.2 
06:01:15.2- 

0 6 m : o a . t .  
06:03:09-12 

06:05:57 
0 6 ~ 0 6 : i  a-20 

06:07:2 2 

06:09:45 

06:23:01.2 

06:24:25.6 
06:24:35.5 

06:27:16.2 

06:30:11.6 k 4 . 9  

Gyro activity 

- 
ccw roll maneuver 

ccw pitch and yaw 

ccw pitch and yaw, 
cw roll transient 

ccw pitch and yaw 

cw yaw and roll 

maneuver 

- 

transient 

transient 
- 

ccw pitch and roll, 

No data 
No data 

cw yaw transient 

cw pitch, ccw yaw 
and roll transien 
sun acquisition 
begins 

Acquisition rates 
decrease 

'Shown in Fig. VI-23. 
"BECO = booster engine cutoff; SECO = rurtainer engine cutoff; VECO = vernier 
engine cutoff; PAS = pyrotechnics arming switch; AC = attitude control; and 
S1T = separation-initioted timer. 

gyro telemetry received upon spacecraft-Agenu separa- 
tion is provided in Fig. VI-24. A prediction of separation 
rates had been made by the Lockheed Missiles and Space 
Company, and a comparison of the predicted and best 
estimates of the actual rates is given in Table VI-11. 

b. Sun acquisition. The sun-acquisition process began 
upon spacecraft-Agenu separation, at 06: 27: 16.2 GMT, 
when the PAS turned on the AC subsystem. The initial 
acquisition rates were +4.92 20.15 mrad/s in pitch and 
-4.84 20.15 mrad/s in yaw. The SIT event occurred at 
06:30:11.6 +4.9 GMT, 175.4 k4 .9  s after separation. The 
four events with solar panels deployed were recorded 
by 06:30:19.2 GMT, and the acquisition rates decreased 
to +3.46 +0.15 mrad/s in pitch and -3.02 kO.15 mrad/s 
in yaw. (Although conservation of angular momentum 
considerations would indicate that the angular velocity 
should increase when the panels deploy, as the moment 
of inertia about both the pitch and yaw axes decreases, 
the moment arm for the pitch and yaw gas jets increased 
from about 1 to 8 ft at deployment, and acted to decrease 
the acquisition rate.) 

PITCH NORTH 
YAW EAST -150.5 deg = AZIMUTH 

OF i-X AXIS 

PITCH EAST 
YAW SOUTH 

I 1  I 1 
REPORTED CANOPUS 

SENSOR 
AZIMUTH= 105 deg 

- z4u 

Fig. VI-22. Flight spacecraft (M67-21 
gyro headings (AFETRI 
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PITCH GYRO 
(CH 103) L 

YAW GYRO 
(CH 104) 

R O L L  GYRO 
(CH 107) 

Y-- 

EVENTS 1-13 ARE 
DESCRIBED IN 
T A B L E  VI-IO 

T I M E  SCALE: I m m  = 12.6s 

Fig. VI-23. Mariner V gyro activity (launch to start of sun acquisition) 
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The sun sensors were activated at PAS (06:27:16.2 
GMT), and initially showed saturated outputs. The 
spacecraft was driven cw in pitch and ccw in yaw to 
acquire the sun, but earthlight on the secondary sun 
sensors biased the electrical null at least 78 mrad (4.5 deg) 
off the spacecraft-sun line. 

I - 
YAW GYRO +v-Q--O-Q- 

(CH 104) / 

- 

- - 

- - 
/ 
0 

- +SPACECR AFT-AGENA - 
SEPARATION 
06:27:16.2 

! 1 1  1 1  1 1  1 1  1 1  1 1  1 1  1 1  

J I I I I I I I I I I I I I I I ]  

64 - p---o--c--o--o--o-+-3-<s 
,D’ ROLL GYRO 

- (CH 107) 

I 1  I I I 1 1  I I I I I I I I I I 
0 0 0 ~ ~ 0 0 0 0 0 0 0 0 0 0  
nr)p Lo h l m u L o ( D -  n u L o 8 9 8 4  

The geometry of the acquisition is shown in Fig. VI-25. 
The false null had to be acquired in both pitch and yaw 
to trigger the sun gate. It should be noted that Fig. VI-25 
depicts the observer as if he were aboard the spacecraft; 
therefore, the sun-spacecraft and false-null-spacecraft 
vectors are represented as points in a plane containing 
the sun. It should also be noted that, for convenience, the 
sun-gate FOV is shown centered on the sun instead of 
about the spacecraft f Z  axis. 

The sun-gate event occurred at 06:43:25.4 k4.9 GMT. 
Fortunately, the location of the false null was such that 

all of the points of a normal limit cycle within the dead- 
band placed the sun in the sun-gate FOV. The sun-gate 
event, therefore, in removing the power to the secondary 
sun sensors, also removed the false null. 

c. Magnetometer calibration. The sun-gate event ini- 
tiated the magnetometer calibration in which the space- 
craft, sun-acquired in the X and Y axes, spins ccw about 
the Z axis at a constant rate. The specified spin rate is 
-3.5 mrad/s, plus or minus the roll-rate deadband of 
0.37 mrad/s. It was expected that the actual rate would 
be near the upper edge of the deadband, that is, between 
-3.5 and -3.87 mrad/s. The rate determined from the 
roll-gyro telemetry was initially -3.45 rt0.13 mrad/s, but 
within a few minutes the telemetry settled at -3.72 
A0.13 mrad/s. 

An independent measure of roll rate was available from 
the earth sensor. The earth sensor would view the planet 
during each roll for a length of time that was a function of 
the spacecraft roll rate, the brightness of the earth, and the 
relative earth-spacecraft motion. Once a model of the 
response of the sensor to the earth is defined, the space- 
craft roll rate can then be determined very accurately. 

A plot of rate vs time for the magnetometer-calibration 
period is shown in Fig. VI-26. The exponential increase 
in the rate corresponds closely to the exponential decrease 
in bay 7 temperature during this period. The change in 
rate is probably caused more by temperature effects in 
the control electronics than in the GCA (or in the gyros 
themselves) because a similar change at similar tempera- 
tures only changes a typical commanded turn rate by 
0.001 mrad/s (approximately 0.03%). 

During the roll spin, after the initial acquisition tran- 
sient, the pitch- and yaw-axis motions were sinusoidal 
with a period of about 35 min and an amplitude in pitch 
of +7.2 to -4.9 mrad and in yaw of -8.5 to f 9 . 3  mrad. 

d. Canopus acquisition. The magnetometer calibration 
was terminated by CC&S event L-3 at 22:38:00.5 k0.7 
GMT, after 33 revolutions. The Canopus sensor was 
turned on for the first time at a spacecraft clock angle 
of approximately 312 deg (as determined from the earth- 
sensor output). 

Earth acquisition occurred at 22:46:30.6 ~ 5 . 6  GMT, 
when the roll-error signal from the Canopus sensor was 
switched into the roll-control channel. The decision was 
made to continue the roll search by sending two DC-V21 
roll-override commands. 
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Fig. VI-25. Geometry of false null at initial sun acquisition 

The first DC-V21 was sent to the spacecraft, and received 
in the data at 00:30:40.2 k4.9 GMT on June 15, 1967; the 
second command was received in the data at 00:34:39.6 
k4 .9  GMT. The second command reinitiated the roll 
search, as planned. 

Search continued until 01:09:12.6 k0.7 GMT, when 
Canopus was acquired. 

The spacecraft gyros turned off at 01:12:26.4 -1-6.2 
GMT, 193.8 +6.9 s after the sensor assumed roll-position 
control of the spacecraft. 

Star acquisitions are treated separately, and in more 
detail, below. 

e.  Earth cruise. Attitude-control performance through- 
out the earth-cruise phase of the mission was normal. 
The operating parameters of the AC subsystem are sum- 
marized in Table VI-12. Two roll transients were noted 
in nonreal-time data analysis, but neither caused more 
than a momentary disturbance in the limit cycles. 

Attitude-control gas usage through the midcourse ma- 
neuver was negligible. The calculated N, gas weight in 
each half of the subsystem is shown in Fig. VI-27. 

The transients at launch and at the midcourse maneuver 
were caused primarily by thermal effects as the tempera- 
ture of the gas vessels reached equilibrium. The resolution 
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Fig. VI-26. Spacecraft spin rate from earth-sensor data 

of gas weight was 0.006 Ib/DN in temperature, but a 
change in temperature could cause a change in the teleme- 
tered pressure DN, and that resolution was 0.015 lb/DN. 

maneuver by obtaining an estimate from the thermal- 
control analysts of bay 7 temperature at the start of the 
pitch turn. 

f .  Midcourse maneuver. The midcourse-maneuver se- 
quence was initiated on June 19, 1967, with the trans- 
mission of QC-Vl-1 (pitch-turn duration) to the spacecraft. 
The commanded turn rates for the pitch and roll turns 
were predicted about 1 day in advance of the midcourse 

Table VI-1 2. Attitude-control subsystem cruise 
operating parameters 

Axis 

Deadband 
Size, mrad 
Minimum rate 
increment, 
mrad/s 

dyne-cm (typical) 
External torque, 

Pitch 

7.6 20.1 
-7.9 kO.1 
17.8 k0.4 

- 18.8 k0.7 

-1 t o 2  

Yaw 

8.4 f0.05 
-8.69 f0.16 

18.1 k0 .4  
- 18.4 50.5 

-8.5 

6.3 50.4 
-3.0 2 0 . 5  
18.1 k1.7 

- 16.8 2 1 . 5  

The average gyro-case temperature during the turn 
was calculated from the data shown in Fig. VI-28, and 
the average turn rate during the pitch turn was finally 
obtained from the data shown in Fig. VI-29. 

The effects on bay 7 of heating caused by the post-pitch- 
turn orientation were estimated by the thermal-control 
analysis to be small; therefore, the roll-turn rate was 
calculated in the same manner as the pitch-turn rate 
was calculated. 

These turn rates determined the pitch- and roll-turn- 
duration quantitative commands that would achieve the 
desired turns. The opportunity existed to make a vernier 
correction to the engine-burn-duration quantitative com- 
mand to account for the effects of jet-vane drag in the 
exhaust stream; however, premaneuver autopilot simu- 
lations indicated this correction to be negligible. 
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Table VI- 13. Midcourse maneuver performance sequence 

Pitch turn (rate = 0.1 81 8 deg/s) 
Roll turn (rate = 0.1 867 deg/s) 
Velocity increment 
Mofor burn 

Event 

55.3503 55.267 55.1 8 0.2 
71.0248 70.946 70.93 0.04 
16.127mfs 16.135 m f s  15.412 m f s  6 
17.651 s 17.66 s 17.66 s - 

QC-VI - 1 
received 

QC-VI -2 
received 

QC-VI -3 
received 

DC-V29 
received 

DC-VI 4 
received 

DC-V27 received; 
CC&S M-1 ; gyros 
on; mode 1 data 

CC&S M-2, M-3, and 
M-4; pitch turn start 

CC&S M-4 reset; 
stop pitch turn 

CC&S M-5 and M-3; 
start roll turn 

CC&S M-5 reset; 
stop roll turn 

Time observed 
in data, GMT 

170:20:18:55.42 k6.3 

20:23:45.23 k6 .3  

20:28:37.64 k 6 . 3  

20:48:44.66 k6.3 

21 :24:46.03 5 0 . 4 2  

22:24:10.87 50.00 

22:29:14.8 20.42 

22:46:10.8 20.42 

22:52:31.1 k0 .2  

Description 

304-s durotion pitch- 
turn command 

380-s duration roll- 
turn command 

17.66-s d u r a t i o n  
motor-burn com- 
mand 

4 r m - f i r s t - b u r n -  
e n g i n e - s q u i b s  
c o m m a n d  

3emove maneuver- 
inhibit command 

nitiate midcourse- 
moneuver com- 
mand 

S y r o s  t o  r a t e  + 
p o s i t i o n  mode; 
start cw pitch turn 

- 

start cw roll turn 

Event 

CCLS M-6; start 
motor burn 

CC&S M-7; stop 
motor burn 

CC&S M-1 ; M-2 reset; 
begin sun acquisition 

Sun-gate event; 
initiate roll search 

Canopus acquisition 

DC-V21 No. 1 
received 

Canopus acquisition 

DC-V21 No. 2 
received 

Canopus acquisition 

DC-V21 NO. 3 
received 

Canopus acquisition 

Gyros off 

Time observed 
in data, GMT 

23:08:1 1.3 k 0 . 2  

23:08:28.0 21.6 

23:14:10.9 k 0 . 3  

23:21:24.2 k5.3 

23:32:19.2 2 5 . 7  

23:34:06.4 20 .6  

71 :00:23:58.4 25 .7  

00:25:52.4 25.4 

01 :16:54.2 k 5 . 7  

01:18:35.1 25.2 

02:06:15.2 25 .7  

02:09:48.9 k5 .2  

Description 

Gyros to rate mode 

Sun acquired 

- 
l n i t i o t e  f i r s t  pos t -  

m a n e u v e r  r o l l  
s e a r c h  

- 
Initiate second post- 

m a n e u v e r  r o l l  
s e a r c h  

- 
Initiate third post- 

m a n e u v e r  r o l l  
s e a r c h  

- 
- 

Table VI-14. Postmaneuver analysis, midcourse maneuver performance 

I U I I 1 Standard deviation, 
Achieved' Requireda Commanded" I Parameter I 

After the reacquisition of Canopus terminated the 
midcourse-maneuver sequence, three roll searches were 
performed to provide additional data to aid in the evalua- 
tion of the performance of the UV photometer. Table VI-13 
summarizes the sequence of operations from the begin- 
ning of the midcourse maneuver to the final reacquisition 
of Canopus. 

Postmaneuver analysis. At the time of the midcourse 
maneuver, a preliminary indication that the velocity incre- 
ment was smaller than desired was obtained from the 

doppler tracking data. It was determined from post- 
maneuver orbit-determination analysis that the velocity 
increment was, in fact, less than commanded by 4.65%, 
but that the commanded turns were quite accurate. 
Table VI-14 lists the significant midcourse-maneuver 
parameters. 

A detailed analysis of the trajectory-correction anomaly 
is presented in Section VII-C of this report. 

g. Interplanetary cruise. From the standpoint of atti- 
tude control, the interplanetary-cruise phase of the mission 
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was uneventful. Eighteen roll transients were observed 
in nonreal-time data analysis during the period of June 20- 
October 18, 1967. Figure VI-30 shows the roll-limit-cycle 
action during three typical roll transients. An unusually 
violent transient, coupled with a large transient on the 
Canopus-intensity channel, is shown in Fig. VI-31. 

None of these transients caused more than a momentary 
disruption in the operation of the AC subsystem, thus 
verifying the adequacy of the solution to the roll-transient 
problem for Mariner V. 

On day 236, event MT-1 (the first update of the cone- 
angle FOV of the Canopus sensors) occurred. The tele- 
metered response of the Canopus sensors is compared 
with the response predicted by the star identification 
program (SIPM), for the duration of the mission, in Sub- 
section C-3 (the center of the cone-angle FOV is compared 
with the actual cone angle of Canopus). It is evident 
that the sensor performed well, the average difference 
between the telemetered intensity reading and the SIPM- 
predicted reading being on the order of 25 mV. Cone- 
angle updates MT-1, MT-2, MT-3, and MT-4 occurred 
without incident. 

The cruise parameters of the AC subsystem did not 
change significantly from those listed in Table VI-13, 
with one exception. The external torque in pitch seemed 
to increase from approximately 1 dyne-cm (listed) to 
approximately +5 dyne-cm. A representative plot of the 
pitch-, yaw-, and roll-limit cycles during cruise is shown 
in Fig. VI-32. 

h. Planetary encounter. Preparations for planetary 
encounter began on October 10, 1967, with the trans- 
mittal of a DC-V1S command to the spacecraft. The effect 
of this command was to prevent the spacecraft gyros from 
coming on in case acquisition of the sun or Canopus 
were lost, and to remove the lower brightness restriction 
on the object in view of the Canopus sensor. The purpose 
of the command was to prevent the spacecraft from going 
into an automatic roll search during the encounter se- 
quence; e.g., if dust particles in the direction of Venus 
should cause the Canopus sensor to track away from 
Canopus, this mode of operation would allow the sensor 
to establish roll control on any object in its FOV. If such 
an event had occurred, the scientific value of encounter 
would be degraded, but probably not nullified (as it 
would have been by a roll search). 

At 02:49 GMT on October 19, 1967, a DC-VS com- 
mand was transmitted to the spacecraft to preempt CC&S 
MT-7 and begin the encounter sequence. The terminator 

sensor was turned on at this time, and the first indication 
of terminator-sensor excitation was received at 03 : 11 : 39 
GMT. At 10:50 GMT, a DC-V24 was transmitted to 
preempt CC&S MT-8 and begin the DAS encounter 
sequence, switching the data from mode 2 (science plus 
engineering) to mode 3 (science only), and energizing 
the planet sensor. 

From this time through the encounter sequence, no data 
on the AC subsystem itself were available; therefore, it 
was not possible to determine the attitude of the space- 
craft at any time during the planetary encounter. 

A backup ground command was available to supple- 
ment the PSO initiation of the encounter sequence; 
because of difficulties at the transmitting site, however, 
the command was transmitted approximately 30 min after 
the optimum time. The prime responsibility for initiation 
of the encounter sequence approximately 60 min before 
closest approach, therefore, rested upon the planet sensor. 
The PSO occurred in the data (science frame 28) at 
16333357 GMT, 66 min before the predicted closest 
approach and within 1 min of the predicted PSO time. 
A more detailed discussion of planet-sensor timing appears 
in Subsection F-34, below. 

The spacecraft entered occultation at 17:38:09 and 
exited occultation at 17:59:59 GMT. No data were avail- 
able during this period, but when the spacecraft exited 
occultation, it was determined that the pointing angle 
of the high-gain antenna had changed to the post-APAC 
position, indicating that the terminator sensor had fulfilled 
its function as planned. 

The time of TSO was fixed from the data playback at 
17:42:25 GMT, approximately 8 min after closest ap- 
proach. More detailed information on the terminator 
sensor also appears in Subsection F-3-i. 

Engineering data again became available when the 
telemetry was automatically switched to data mode 2 at 
18:48:18 GMT. At this time, the condition of the AC 
was normal, indicating that acquisition of the sun and 
Canopus had been maintained, and that the AC sub- 
system had performed normally during encounter. 

i. Sensor orientation and timing for encounter. Orienta- 
tion of the planet sensor and terminator sensor, star identi- 
fication, midcourse-maneuver acquisition, postmidcourse- 
maneuver rolls, star orientation, postencounter rolls, and 
postencounter maneuver turns, as well as timing for en- 
counter, are described in the paragraphs that follow. 
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Planet sensor. The planet sensor was used for onboard 
initiation of the encounter sequence. Its fixed orientation 
had been designed to observe a horn of the lighted limb 
of the planet at 60 +-12 min before encounter for all tra- 
jectories being considered. After launch, an exact estimate 
of the time of PSO was required for encounter-planning 
purposes. 

A computer program that had been developed during 
the design phase of the Mariner V spacecraft was again 
used. This program calculates the cone and clock angles 
of the limb and terminator of the planet as a functon of 
time along a conic trajectory. Figure VI-33 shows the 
clock and cone geometry as the planet limb enters the 
FOV of the sensor. 

Another previously developed computer program was 
used to calculate the brightness of the limb of the planet 
when it entered the FOV of the sensor. This program was 
required for an estimate of the length of time the planet 
sensor would stay on. To satisfy logic within the science 
DAS, the sensor would have to be on for 50.4 s in the 
worst case. Figure VI-34 shows one of the plots generated 
by this program. The contours are lines of constant 
brightness (luminance) in foot-lamberts. 

Using the postmidcourse-maneuver estimate of the 
Venus-encounter orbit and these programs, the time of 
PSO turn-on was estimated as 67 20.5 min before 

encounter; the time of PSO turn-off was estimated as 
63 + - O S  min. Based upon an orbit 1 wk before encounter, 
these estimates were revised to 66.5 -+.OS and 62.5 
k0.5 min, respectively. These estimates did not include 
the possible deviation in time caused by the position 
of the spacecraft within its limit-cyde deadbands. It was 
estimated that the position could shift the PSO on and 
off times by approximately +-OS min. However, the shift 
could not be determined at encounter because no engi- 
neering data were available. 

The planet sensoi performed as expected on the day 
of encounter. The PSO turn-on was observed in the data 
at 16:33:22 and PSO turn-off at 16:38:24 GMT on Octo- 
ber 19, 1967. Based upon the postencounter trajectory, 
these times correspond to 66 and 61 min before en- 
counter, respectively. As a sidelight, a second PSO turn- 
on was observed in the data 17:15:22 and turn-off at 
17:19:34 GMT or 22 and 19.8 min before encounter, 
respectively. 

No prediction of the second PSO had been made; 
however, the PSO was quickly explained as the sensor 
viewing the other horn of the limb of the planet. 
Figure VI-35 shows the approximate geometry for the 
two PSOs. As expected, the second PSO had no effect 
upon the DAS logic. Postencounter analysis showed that 
the second PSO occurred very close to the nominal time. 

Terminator sensor. The terminator sensor was designed 
to initiate the high-gain APAC as close as possible to 
the midoccultation point. Figure VI-36 shows the ap- 
proximate encounter geometry and the region of termi- 
nator sensor turn-on times for all trajectory variations. 
As part of encounter planning, an exact estimate of the 
time of TSO was made after the midcourse maneuver. 

Based upon the postmidcourse-maneuver determina- 
tion of the orbit and a previously developed computer 
program, TSO was estimated to occur 7.5 min after 
closest approach to Venus. Figure VI-37 is a plot of the 
computer-program output, and shows the lighted limb 
of the planet in spacecraft clock and cone coordinates 
7 and 8 min after encounter. The time was approximately 
2 min before the estimated time of the center of occul- 
tation, which was within the design tolerance. 

No data were available at the time TSO occurred, 
as the spacecraft was behind the planet. However, after 
the spacecraft emerged from behind the planet, verifi- 
cation of APAC indicated that TSO had occurred. Later 
information, taken from the spacecraft playback of the 

J P l  TECHNICAL REPORT 32-1203 293 



6 

4 

2 

0 

W 
0 
U 

-I 
(3 

J 
f 350 

s 
Y 
V 

V 

356 

354 

352 

3 sa 

I 1 I I I I I I I 

E-66  min 

PLANET SENSOR 
FIELD OF VIEW 

- 

DIRECTION 
OF MOTION 
OF LIMB 
THROUGH 
FIELD OF 

LUMINANCE IS EXPRESSED 
IN f t - L  

CONE ANGLE, deg 

Fig. VI-34. Contours of constant luminance for Venus encounter 

294 JPL TECHNICAL REPORT 32-1203 



1 0 -  
0 
X 
E 
Y 

20 I I I I I I 
40 20 0 - 20 

DISTANCE, km x IO3 

Fig. VI-35. Planet sensor-approximate 
encounter orientation 

science data recorded through encounter, indicated that 
TSO had occurred at 17:42:25 GMT on October 19, 
1967. This corresponds to 7.5 min after closest approach. 

Star ihntification. The SIPM program was developed 
and effectively used to identify celestial objects and to 
determine the objects that could be acquired by the 
Canopus sensor during roll search. The program also 
furnished orientation and geometry information for other 
scientific experiments. 

Roll search was initiated at 22:38:00 GMT on June 14, 
1967, by the CC&S. Estimates based upon earth-sensor 
outputs during the spin mode that was used to calibrate 
the helium magnetometer showed that the Canopus sensor 
was at a clock angle of 311 deg when roll search began. 

After the spacecraft was rolled 73 deg, reflected light 
caused by the earth was acquired at 22:48:08 GMT. 
Figure VI-38 shows the a priori brightness map made by 
SIPM and the telemetered brightness for this acquisition. 
Tests made on the Canopus sensor before launch indicated 
that two portions of this reflected light were acquirable. 

towards Canopus. Another portion of the reflected earth- 
light was then acquired, as shown in Fig. VI-39. Because 
the second acquisition had been anticipated, a second 
DC-V21 had been planned, and the command was ini- 
tiated 4 min after the first command. 

The second DC-V21 caused the spacecraft to begin 
searching a third time. After rolling 99 deg, Mariner V 
attempted to acquire reflected light caused by the moon. 
However, after the spacecraft had rolled 11 deg without 
being able to find a stable null in the Canopus-sensor 
roll-error signal, the reflected light passed out of the FOV 
of the sensor, and the spacecraft again began searching 
in the roll mode. No further interruptions in the search 
occurred, and Canopus was acquired at 01:09:44 GMT 
after a total roll of 311 deg. Figure VI-39 shows the 
a priori and telemetered brightness for this portion of 
initial Canopus acquisition. 

From the attempted acquisition of the moon, it was 
possible to observe the value of the drop-out voltage of 
the Canopus-sensor low gate fairly accurately (1.133 
10.024 V). This value was found to agree quite well with 
the preflight value of 1.138 V. 

Midcourse-maneuver acquisition. The second acquisi- 
tion of Canopus occurred at 23:32:59 GMT on June 19, 
1967. This was the first acquisition after the midcourse 
maneuver. 

Roll search was automatically initiated as Mariner V 
was completing its postmidcourse-maneuver reacquisition 
of the sun at 23:21:19 GMT. SIPM brightness maps for 
this time had predicted that only Canopus could be 
acquired. After an uneventful roll of 73 deg, the re- 
acquisition of Canopus was completed. 

Postmidcourse-maneuver rolls. To obtain additional 
scientific and engineering information during the early 
portion of the flight, it was decided to command Mariner V 
to perform three 360-deg rolls after the midcourse ma- 
neuver. These rolls were performed by commanding the 
spacecraft to deacquire Canopus and begin a roll search. 
Because SIPM had indicated that Canopus was the only 
source of light that would be acquired at this time, it 
was expected that Mariner V would search 360 deg and 
acquire Canopus. 

A direct command (DC-V21) was initiated at 00:30:00 
GMT on June 15, 1967, to cause the spacecraft to begin 
searching a second time. The acquired reflected light was 
lost, and the Mariner V spacecraft rolled another 11 deg 

The first direct command (DC-V21) was initiated at 
23:33:15 GMT on June 19, 1967. Mariner V lost Canopus 
acquisition, and began a roll search. Canopus was ac- 
quired at 00:24:32 GMT on June 20,1967, after a 360-deg 
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Fig. VI-37. Venus-lighted limb geometry at 
terminator sensor output 

roll search that lasted 50 min, 37 s. As expected, no other 
celestial sources of light were acquired. 

The second DC-V21 was initiated at 00:25:00 GMT on 
June 20, 1967. After a 360-deg roll search, which lasted 
51 min, 41 s, Canopus was acquired at 01:17:27 GMT. 

The third DC-V21 was initiated at 01:17:50 GMT. The 
360-deg search lasted 48 min, 19 s, and Canopus was 
acquired at 02:06:48 GMT. 

Star orientation. In addition to predicting the stars that 
would be acquirable during roll search, SIF'M was used to 
determine spacecraft orientation with respect to various 
stars for scientific purposes, including the UV-photometer 
experiment. Figure VI-40 shows a plot from SIF'M output 
of the position of two stars that passed close to the UV- 
photometer FOV during cruise. Similar uses of SIPM 
occurred frequently during the flight. 

Postencounter rolls. A decision was made to command 
Mariner V to execute three complete rolls, early in 
November 1967, to obtain additional scientific and engi- 
neering data. This time was chosen because the 
Mariner V spacecraft was approximately 180 deg in celes- 
tial longitude from its location at the time of the three 
rolls following the midcourse maneuver. As a result, the 
UV photometer would scan the same part of the sky as it 
had during the previous rolls. In addition, according to 
SUPM, only three direct commands would be required 
because Canopus was the only celestial source of light 
that the Canopus sensor would acquire. 

The first of the three DC-V21 commands was initiated 
at 12:22:10 GMT on November 7, the second at 13:18:27 
GMT on November 7, and the third at 14:08:01 GMT 
on November 17. In all three cases, Mariner V lost 
Canopus acquisition and initiated a roll search. In each 
case, the spacecraft rolled 360 deg and acquired Cano- 
pus. A null in the Canopus-sensor roll-error signal (ac- 
quisition) occurred, for each of the three commands, as 
follows: the first at 13:08:24 GMT, the second at  
14:06:22 GMT, and the third at 15:06:51 GMT. 

Postencounter maneuver turns. On November 19, 1967, 
Mariner V was commanded to perform a -17.2-deg 
pitch turn and a 173.2-deg roll turn so that additional 
information could be obtained from the UV photometer. 
A priori SIPM maps had indicated that only Canopus 
could be acquired at this time. After these turns were 
performed, Canopus was reacquired at approximately 
17:45:34 GMT. 

From its launch on June 14, 1967, until 40 days after 
Venus encounter, Mariner V had acquired Canopus a 
total of nine times. 

j .  Postencounter cruise. Some roll transients were ob- 
served in the days immediately following encounter; 
Fig. VI-41 depicts the first three observed. Because there 
were only about 4 h of engineering or engineering and 
science data for the 4 days following encounter, it is 
probable that many more transients occurred than the 
three recorded. 

The spacecraft was returned to normal optical control 
on October 26 with the transmission of a DC-V12 com- 
mand that revoked the DC-V15 earlier transmitted for 
encounter purposes. Twelve days later, on November 7, 
three roll searches were performed to gather data to aid 
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in the analysis of the performance of the UV photometer; 
12 days after that, a second midcourse-maneuver 
sequence (without a motor burn) was performed for 
the same purpose. 

Because communication with the spacecraft during 
the roll searches was not possible, the data were stored 
on tape and played back later. The AC subsystem per- 
formed normally during these exercises. The acquisition 
of Canopus after each roll, and the acquisition of the 
sun and Canopus after the maneuver sequence, were 
normal and uneventful. 

The Mariner V mission-length gas-weight history is 
illustrated in Fig. VI-42. Total gas consumption during 
the mission was 0.41 lb, an average of 0.00246 lb/day. 
At this rate, the Mariner V AC gas will be depleted in 
October 1973. 

The spacecraft was conditioned for long-term cruise 
on November 21, 1967, by transmitting a DC-V15 and 
a DC-V12. These commands inhibited the gyros from 
coming on if sun or Canopus acquisition should be lost, 
allowed the Canopus sensor to establish roll control 
about any object in its FOV, and switched the space- 
craft transmitter from the high- to the low-gain antenna. 

Because cone-angle updates to the Canopus sensor are 
not automatic, it was estimated that Canopus would 
disappear from the FOV on or about December 19, 1967. 
Roll control from that time on would be dependent upon 
whatever star appeared in the FOV of the sensor. 

4. Recommendations. 

a. Roll-transient problem. Because the flight of 
Mariner V showed that the roll transients were not peculiar 
to Mariner lV, some type of transient-rejection mechanism 
should be included in future AC subsystems. The solu- 
tion used for Mariner V is not adequate if an extremely 
bright object (such as the earth, the moon, or a planet) 
could appear in or near the FOV of the sensor. The 
trajectories for Mariner V were such that this solution 
was feasible, as the cone angle of the earth was always 
greater than 110 deg and, therefore, outside of the cone- 
angle FOV. 

b. Midcourse-maneuver anomaly. The type of non- 
systematic failure that probabIy occurred in the 
Mariner V autopilot cannot be designed out of the system 
or detected in advance. However, the JVA mounting ring 
should be increased in diameter to minimize the side 
fcrces generated by vane rotation in the exhaust stream. 
Ideally, the ring should be eliminated to prevent the 
side forces, but the present design of the PIPS and ac- 
tuators requires some mounting surface for the actuators. 
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c. Telemetry resolution. Currently, resolution of the 
gyro telemetry channels is approximately 0.3 mrad/s in 
pitch and yaw, and 0.27 mrad/s in roll. The sun-sensor 
resolution (on the fine sensor channels) is 0.24-0.30 mrad 
in pitch and yaw, and 0.46 mrad in roll. Canopus- 
intensity resolution is 0.23 mV, or about 0.12 X Canopus 
in Canopus ratio. These ranges of resolution are usable, 
but it would be desirable to have greater resolution for 
all of these functions. In each case, the resolution avail- 
able is a consequence of buffering the voltages feeding 
the data encoder so that no more than +1.5 or f 3  V are 
applied to the data encoder when the function being 
monitored is at saturation level. 

To obtain greater resolution, the telemetry buffer could 
be adjusted for the desired resolution when the function 
being monitored is behaving normally, and a diode 
clamp or other limiting network could be used to pre- 
vent overdriving the data encoder. Alternatively, the data 
encoder could be modified to operate linearly in the 
+-IS or 0-3-V range, and to clamp signal levels outside 
of that range. 

d. Additional telemetry. Analysis of the autopilot per- 
formance during the midcourse maneuver was seriously 
hampered by lack of data. The only data available were 
the gyro outputs, whose data rate was slow compared to 
the autopilot response. Data-compression techniques 
could be used for purposes of autopilot performance 
analysis during the midcourse maneuver. 

These techniques would be a natural extension of the 
present practice of switching to data mode 1 (all engi- 
neering telemetry) during the midcourse maneuver, and 
would involve telemetering the four JVA feedback- 
potentiometer voltages on four high-rate channels (cur- 
rently, four high-rate channels are unused during the 
midcourse maneuver: coarse pitch and yaw sun sensors, 
roll position, and Canopus intensity). 

To obtain a higher data rate, the three gyro outputs 
and the four JVA-position outputs (feedback- 
potentiometer telemetry) could each be telemetered on 
two channels instead of only one. This additional switch- 
ing could be initiated at CC&S event M-6 (motor-burn 
start) and terminated at CC&S event M-7 (motor-burn 
stop) to provide the maximum data available on auto- 
pilot performance during the thrusting period with the 
present telemetry plan. 

e. All-axes inertial control. Although the possibility is 
remote, failure of a cruise sun sensor could result in 
termination of the mission. If redundant cruise sun 
sensors are not installed on future spacecraft, the only 
other method of maintaining AC is to place the space- 
craft gyros in the rate-plus-position mode, and complete 
the mission under inertial control. This was not possible 
for Mariner V; only the roll axis could be indefinitely 
left under inertial control. The spacecraft was in a 3-axis, 
rate-plus-position mode only during the midcourse ma- 
neuver, from M-2 to M-2 reset, and could not be again 
placed in inertial control until the CC&S had clocked 
out the maneuver sequence (at M + 199 min), a DC-V27 
had been sent, and the CC&S clocked out at M-2 (at 
M +60, or 60 min after receipt of the DC-V27). 

A command or a sequence to place the spacecraft in 
all-axes inertial AC should be developed as a failure- 
mode backup. For Mariner V, such a mode would have 
added the capability of pointing the various science 
instruments (e.g., the UV photometer) in any desired 
direction to aid in the evahation of their performance. 

5. Power subsystem flight performance. The overall 
performance of the Mariner Venus 67 mission power 
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subsystem during the cruise and encounter of Mariner V 
followed expected characteristics. Variations from the 
expected data occurred in the outputs of the I,, and I,,, 
experimental solar cells and in solar-panel temperature, 
but no failures were noted. 

However, the operating point of the zener diodes (and 
consequently the power that they dissipated) was higher 
than had been predicted. During the near-earth portion 
of the flight, the operating voltage of the zener shunts 
was such that nearly all of the solar-panel power not 
being used by the spacecraft was being dissipated. Be- 

on which the diodes are mounted and the panel sub- 

tribute significantly to the substrate temperature. It was 

the panels, together with the lack of substrate reheating 
by the zener diodes, accounted for the observed 7°C 
temperature differential. 

The battery was used twice during the mission: for cause Of the poor path between the Panel spars 
launch and for the midcourse maneuver, The initial 

at L-7 min, and continued until the sun was acquired 

until the time of the midcourse maneuver, when the pitch 
turn caused a shading of one solar panel and sharing 
between the solar panels and battery. The battery was 
used for an additional 46 min at this time. When the sun 
was reacquired after comp~etion of the midcourse ma- 
neuver, the battery resumed charging. The battery charger 
was turned off 13 days after launch. 

battery use started with the transfer to internal power strate, the power dissipated by the diodes did not con- 

about 30 m h  after liftoff. The battery was then recharged determined that the power being drawn from 

The substrate temperature prediction was recalculated, 
taking these factors into account, and the data followed 
this new prediction closely for the remainder of the 
fight (Fig. C-49). The actual spar temperature was 
plotted using measured space-simulator values for the 
predicted spar temperature with and without zener-diode 
dissipation (Fig. C-50). As the plotted data show, the 
spar temperature was higher than predicted after 5 days. 

The solar panels provided power for the spacecraft 
from sun orientation after spacecraft-Agena separation 
until the midcourse maneuver, and thence throughout 
the remainder of the mission. Sharing of the solar panels 
and battery occurred during the midcourse maneuver, 
as described above. Panel capability was estimated to 
be 405 W near earth, and 615 W near Venus. 

The power-conditioning equipment functioned as pro- 
grammed throughout the mission. The power subsystem 
responded to and executed each command as expected. 

6. Solar-panel flight performance. After the successful 
launch and separation of Mariner V, early telemetry data 
of the solar-panel characteristics indicated that the panels 
were performing well. Two deviations from predicted 
data were noted, however: (1) The solar-panel substrate 
temperature (Appendix C, Fig. C-45) after L f 5  days 
was approximately 7°C cooler than had been estimated. 
(2) The outputs of the I,, and I,,, cells (Figs. C-20 and 
C-21) were approximately 3 % higher than expected. 
Although these data were considered to be within the 
limits of prediction capability and the resolution of the 
telemetry system, a detailed study was initiated to re- 
evaluate the preflight solar-panel analysis. 

The study of the 7OC temperature differential revealed 
that the original temperature predictions had been based 
upon an assumed power usage from the solar panels 
that was somewhat lower than actually experienced. The 
spacecraft power requirements were well known from 
system test data. 

Preliminary analysis of the I,,-I,,,. anomaly indicated 
that a calibration problem existed. A review of the origi- 
nal calibration curves and the transfer to the telemetry 
calibration revealed no discrepancies. I t  is theorized that 
the difference between the calibration resistors used on 
the balloon flight and those used on Mariner V was the 
cause of the 3% higher-than-expected value. Further 
studies have failed to resolve this anomaly. 

The telemetry outputs of the I,,-V,, transducer showed 
a continuous and significant degradation during the flight 
(Fig. C-lo), but the solar-panel performance appeared 
to be nominal. The ability to resolve degradation to the 
panels is restricted, however, because of the zener diode 
limiting the panel voltage early in the flight, and the 
operation was well down on the I-V curve close to open- 
circuit voltage later in the mission. 

The rate of degradation observed in the I,,-I,,, cells 
did not appear to be a function of the spacecraft helio- 
centric distance, nor was it the type of degradation 
associated with radiation damage by solar flares. Space- 
craft instrumentation detected no significant high-energy 
proton flux. Other possible sources of this degradation 
are heat, ultraviolet radiation, and low-energy proton 
degradation on unprotected portions of the solar cells. 
Studies at JPL have indicated that both the short-circuit 
current (Figs. C-2.2-C-5%) and open-circuit voltage of 
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cells can degrade as a function of time at elevated tem- 
perature. However, the results of these studies did not 
indicate that degradation of this magnitude should be 
expected. 

Upon the basis of the I,,-V,, transducer data, it must 
be concluded that the panels had degraded, perhaps as 
much as 17%, by the end of the mission. Transducer 
data taken at face value indicate that approximately 
10% of this degradation may be caused by particle radi- 
ation, whereas the remainder could be caused by other 
space conditions (primarily heat and ultraviolet rays). 
Other hterpretations of these data are possible, including 
load-resistance changes on the transducers, low-energy 
proton degradation on the unprotected portions of the 
cells, and different rates of heat degradation for irradi- 
ated and nonirradiated cells. 

7. Power-conditioning equipment flight performance. 
The power-conditioning equipment functioned exactly as 
designed throughout the Mariner Venus 67 mission. All 
voltages and currents telemetered were as predicted dur- 
ing launch, midcourse maneuver, cruise, and encounter. 

Loading of the inverters and booster regulators 
(Figs. C-304-32) was in accordance with the data ob- 
tained during spacecraft system testing; the main-inverter 
output voltage (Fig. C-14) was maintained between 50.12, 
and 50.48 V. A value of 50.30 V was obtained at launch, 
prior to star acquisition, and then again during encounter 
and the tape playback. The lowest value (50.12 V) 
occurred during the midcourse maneuver. 

The power-distribution subassembly responded prop- 
erly to all spacecraft and ground commands, starting 
with spacecraft-Agena separation when cruise science 
was turned on and RF power up. The DC-V28 battery- 
charger on-off toggle command was used several times 
during the mission. At encounter, the DC-V25 command 
was verified, and later the DC-V26 and DC-V2 com- 
mands were used. 

on during launch. The battery then supplied all space- 
craft power until the sun was acquired after spacecraft- 
Agena separation some 37 min later. The battery started 
charging after sun acquisition. 

The battery was again used 5% days later, when the 
pitch turn of the midcourse maneuver caused sharing 
between the solar panels and the battery. The battery 
supplied a portion of spacecraft power for 46 min until 
the sun was reacquired after the motor bum. 

The battery charger, which had been left on since 
launch, again started charging at sun reacquisition. The 
battery was allowed to recharge until June 27, 1967, or 
13 days after launch and 7% days after the midcourse 
maneuver. The battery-terminal voltage at this time was 
33.45 V, and an estimated 58.8 A-h capacity was available. 

Within a few hours after battery-charger turn-off, the 
battery-terminal voltage dropped to 33.4 V, which is 
normal for the Mariner V silver-zinc battery. The terminal 
voltage remained stable at the 33.4-V level through the 
remainder of the cruise, encounter, and tape-playback 
periods. 

The battery was not used again after the midcourse 
maneuver. However, as part of the effort to determine 
the condition of the battery, the battery charger was 
turned on after the second tape playback for an addi- 
tional 84 h of charging. At turn-on of the battery, the 
terminal voltage rose to 34.45 V and the charge rate was 
10 mA, exactly the same as the voltage and current at 
charger turn-off after the midcourse maneuver. The addi- 
tional charging provided as estimated 1.2 A-h, bringing 
the total battery capacity to about 60.0 A-h. A curve of 
battery-terminal voltage is shown in Fig. C-15. 

No anomalies were observed in the battery telemetry 
during any of the discharge, charge, or stand periods. 
The battery apparently was in good condition when the 
spacecraft was set up for long-term cruise on Novem- 
ber 21, 1967. 

9. Central computer and sequencer flight Performance. 
The ffight performance of the CC&S during Phase I of the Of the power switch and logic and the 

primary from the and to the power sub- mission was completely normal. All CC&S commands 
system, are shown in Figs. c-13 and c-26, were issued at the expected times. Table VI-15 lists the 

sequenced commands- and Table VI-16 lists the cyclic 
commands. Figure VI-43 provides a graphic summary of 
case 7 temperature and accumulated CC&S clock error 
vs time after launch. Figure VI-44 is a daily and week- 
end clock-error average during Phase I. The limits of 

8. Battery flight performance. Use of the Mariner V 
battery started 7 min before liftoff, when the spacecraft 
was transferred to internal power. To maintain as auto- 
matic a spacecraft as possible, the battery charger was 
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Table VI-15. Mariner V CC&S sequenced events 

Event Event Time, GMT 

Inhibit release 
Clear release 
L- 1 
1-2 
L-3 

Time, GMT Cyclic 
No. 

31 250:06:01:11.1 225.2 
32 253:00:41:26.3 525.2 
33 255:19:21:41.9 t 2 5 . 2  
34 258:14:01 57.9 225.2 
35 261:08:42:14 f25.2 
36 264:03:22:31.2 225.2 
3 7  266:22:02:36.5 k25 .2  
38 Bad data 
39 Bad data 
40 275:06:02:52.1 225.2 
41 278:00:42:58.2 225.2 
42 Bad dolo 
43 283:14:03:49.2 525.2 
44 286:08:44:08.7 225 .2  
45 289:03:24:28.6 225.2 

Midcourse maneuver 
DC-V27 received 
Pitch start 
Pitch stop 
Roll start 
Roll stop 
Motor start 

Cyclic 
No. 

46 
4 7  
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 

Cyclic 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

Time, GMT 

165:05:58:00 
165:05:59:59 
165:06:53:56.6 k 6 . 3  
165:06:57:56.0 1 6 . 3  
165:22:38:00.5 2 0 . 5  

170:21 :24:46.0 k 0 . 4  
170:22:24:10.9 
170:22:29:14.8 10.4 (304 S) 
170:22:46:10.8 k 0 . 4  
170:22:52:31.1 20.2 (380 5) 

170:23:08:11.3 1 0 . 2  

Time, GMT 

166:21:58:01.3 f6.3 
169:16:38:07.5 2 0 . 5  
172:l 1 :18:13.5 20.5 
175:05:58:20.5 26.3 
178 :00:38 :3 1.1 26.3 
180:19:18:28.6 f6.3 
183:13:58:39.0 56.3 
186:08:38:36.7 5 6 . 3  
189:03:18:47.1 56.3 
191:21:58:57.4 56 .3  
194:16:38:55.2 f6.3 

No data 
200:05:59:16.0 26.3 
203:00:39:13.9 f6.3 
205:19:19:21.4 

Cyclic 
No. 

16 
1 7  
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Motor stop 
Reacquire 
Counter overflow 

MT-6 
MT- 1 
MT-2 
MT- 3 
MT-5 
MT-4 
MT-7 
MT-8 
MT-9 

I 

Table VI-16. Mariner V CC&S cyclic events 

Time, GMT I 
208:13:59:31.8 k25.2 
21 1:08:39:55.2 225.2 
214:03:19:15.7 f25.2 

Bad data 
219:16:39:38.1 k25.2 
222:11:19:49.6 525.2 
225:06:00:01.4 225.2 
228:00:40:13.4 225.2 

No data 
233:14:00:38.3 225.2 
236:08:41:07.6 225.2 
239 :03 :20 :52.0 225.2 
241 :22:01:18.2 225.2 
244:16:40:41.8 k25.2 
247:11:20:56.2 225.2 

the lines on the graph represent calculation-error lim- 
its. The weekends have a 3-day average, and thus have 
tighter limits. The lines drawn connecting these weekend 
limits enclose an area that is a good approximation of 
the CC&S clock error vs day of year. The clock error is 
steadily decreasing, which is consistent with increasing 
spacecraft temperature. Figure VI-44 shows, in effect, 
the slope of the clock error in Fig. VI-43 for any given 
time. 

G. Engineering Mechanics 

This subsection includes descriptions of the four 
engineering-mechanics subsystems and a discussion of 
their performance from launch to mission termination. 

170:23:08:28.0*1.6 (17s) 
170:23:14:10.9~0.3 
171 :00:43:06.4 26 .3  

205:19:19:21.4 
236:08:41:07.6 225.2 
253:00:41:26.3 k25.2 

Bad data 
274:16:43:08.6 225.2 
283:14:03:49.2 k25 .2  
292:04:44:40.6 225.2 
2 9 2 : ~  1 :24:38.4 225.2 
293:07:24:58.2 525.2 

Time, GMT 

291 :22:04:48.7 525.2 
Mode 4 

No data 

No data 

297:11:25:23.7 225.2 

303:00:45:06.3 f25.2 

308:14:05:42.5 k25 .2  
311:08:46:01.0*25.2 

No data 
No data 

319:16:46:58.7 225.2 
322:11:27:18.6 k25 .2  

No data 
No data 

1. Structure subsystem. 

a. Description. The structure subsystem consisted of 
the structural elements that enabled the many items com- 
posing a functional spacecraft to withstand the boost 
and midcourse-maneuver environment, and to maintain 
geometric relationships and alignments from initial 
assembly to mission completion. Hardware elements 
composing the subsystem were as follows: 

(1) The octagon structure provided structural support 
for the seven electronic assemblies and the PIPS, 
which occupied bay 8; for the AC gas-system 
pressure vessels, celestial sensors, most scientific 
instruments, solar panels, antennas, cabling, and 
thermal shields. The octagon structure also in- 
cluded the spacecraft-Agenu adapter-attachment 
provisions. 
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Fig. VI-43. Case 7 temperature and CC&S clock. error 

(2) The superstructure supported the high-gain an- 
tenna and APAC mechanism above the octagonal 
structure. 

(3) The high-gain antenna structure consisted of the 
elliptical honeycomb parabolic antenna reflector, 
the antenna feed truss, and the backing structure 
required to attach the antenna to the superstructure. 

(4) The low-gain antenna structure consisted of a 
tubular RF waveguide and ground plane. The tube 
structure contained attachment points for the mag- 
netometer sensor, cabling, and low-gain antenna 
support dampers. 

(5) Each of the four solar-panel structures provided 
approximately 10.6 ftz of area for the solar cells 
and attachment provisions for solar-panel wiring, 
AC gas plumbing, 423- and 49.5-MHz DFR 
antennas and associated cabling, solar-panel tip 
dampers, panel-latch pin-pullers, and pyrotechnics 
cables. 

(6) The structure-subsystem electronic subchassis and 
assembly harnesses were mounted in the electronic- 
assembly chassis in six of the seven electronic bays. 

(7) The PIPS support structure mounted the PIPS to 
the octagon structure. It contained provisions for 

positioning the PIPS thrust axis through the meas- 
ured spacecraft CG. 

b. Performance. Because all of the structural items 
were passive after launch, and because it was difficult 
to obtain dynamic or loading information, no direct telem- 
etry was transmitted concerning the performance of 
the structure subsystem. The in-flight performance of 
these items can only be deduced from other spacecraft 
telemetry. For example, the successful execution of the 
midcourse maneuver indicates that the PIPS support 
structure adequately aligned the PIPS thrust axis through 
the spacecraft CG. 

All information received during the flight indicated that 
the structure-subsystem elements performed as designed. 

2. Mechanical-devices subsystem. 
a. Description. Mechanical devices included items 

associated with the Iatching, structural damping, and 
nonservoed actuations of the various spacecraft elements. 
The following devices were included in the subsystem. 

(1) Eight concentric-tube viscous dampers were 
mounted at the tips of the solar panels to minimize 
the dynamic environment and to restrain them 
until deployment. 
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(2) Two orthogonally mounted concentric-tube viscous 
dampers supported and aligned the low-gain an- 
tenna and minimized its dynamic environment. 

(3) Solar-panel deployment springs and switches. 

(4) APAC deployment mechanism. 

(3) Solar-panel-deployment springs provided the torque 
to deploy the panels after the pyrotechnic pin- 
puller latches were released. Switches were pro- 
vided to telemeter panel deployment at a point 
approximately 20 deg from the fully open position. 

(4) Cruise dampers and latches decelerated the solar 
panels upon opening, latched the panels in the de- 
sired extended position, and minimized the dynamic 
interactions between the solar panels and autopilot 
during the firing of the PIPS. 

(5) The APAC deployment mechanism consisted of 
two clock springs, low-friction bearings, and a 
pyrotechnic latch that, upon release, allowed the 
high-gain antenna to rotate from one fixed position 
to another at encounter. A switch was provided 
near the second antenna position to telemeter 
antenna deployment. 

(6) The PAS was composed of several microswitches 
that, when actuated at spacecraft separation, armed 
the pyrotechnic control assembly, turned off the 
Agena isolation amplifier in the data encoder, and 
turned on the AC subsystem. 

(7) The SIT provided time-delayed microswitch clos- 
ing as a backup to the PAS by redundantly arming 
the pyrotechnic control assembly 30 +20 s after 
separation. It also provided the signal to the pyro- 
technic control assembly (160 +80 s after the 
arming signal) to fire the squibs in the solar-panel 
pin-pullers. 

b. Performance. As in the case of the structure sub- 
system, the in-flight performance of many of the elements 
in the mechanical-devices subsystem can only be de- 
duced from other flight information because of the 
absence of direct performance measurements. All infor- 
mation recovered during the flight indicated that the 
solar-panel boost dampers, low-gain antenna support 
dampers, and cruise dampers and latches performed as 
designed. 

Telemetry indicated that the PAS activated nominally 
upon spacecraft separation at 06:27: 17 GMT. This was 
deduced from science turn-on information. 

The SIT squib-firing-current event occurred between 
06:30:07 and 06.30: 12 GMT, based upon solar-panel 
event channel telemetry and an assumed maximum panel- 
deployment time of 7 s. The corresponding SIT actua- 
tion time after separation was 172 312 s, which, in turn, 
corresponded to a SIT temperature of 74 +4"F (Fig. 
VI-45). This temperature range agrees reasonably well 
with the nominal value of 80°F. It is concluded, there- 
fore, that SIT performance was nominal. 

Telemetry from the solar-panel-deployment switches, 
through the data-encoder event counters, indicated that 
each of the four panels was released by the pyrotechnic 
pin-pullers, and was deployed to within 20 deg of fully 
open, by the panel-deployment springs. Temperature, 
attitude-control, and power measurements later confirmed 
full panel deployment. 

The microswitch-closure telemetered information 
through the science data that the APAC deployment 
mechanism had successfully deployed the high-gain 
antenna. There was no indication that the antenna- 
deployment velocity was not within design limits. 

3. Cabling subsystem. 

a. Description. The cabling subsystem provided all 
separable electrical interconnections (and some soldered 
connections) between subassemblies, assemblies, subsys- 
tems, and all peripheral items with electrical interfaces. 
Cabling was categorized by the following three areas: 

(1) System (ring) harnesses. 

(2) Assembly harnesses. 

(3) Peripheral harnesses. 

An upper-ring signal- and power-harness assembly 
and lower-ring harness assembly interconnected the 
equipment in the eight bays of the spacecraft. 

Direct information was received about the perfor- Assembly harnesses interconnected the subassemblies 
within each electronic assembly into a functional 
subsystem, and connected these subsystems to the ring 
harnesses and operational-support equipment during 

mance of the following mechanical devices: 

(1) Pyrotechnics arming switch. 

(2) Separation-initiated timer. checkout. 
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Peripheral harnesses connected the various spacecraft 
items located around the extremities of the spacecraft 
with the appropriate ring or assembly harnesses. 

420 

b. Performance. As was the case with the structure 
subsystem, and much of the mechanical-devices subsys- 
tem, the in-flight performance of the cabling-subsystem 
hardware could only be inferred from the behavior of 
the other flight subsystems. The successful completion 
of the mission, with no anomalies that could be traced 
to cabling, indicates that the cabling-subsystem hardware 
performed successfully. 

I , -7-7 

4. Temperature-control subsystem. The thermal design 
of the Mariner V spacecraft was similar in concept to 
that of preceding Mariner missions, which include 
Mariner II and Mariner IV. The Mariner 11 design was 
marginal; Venus-encounter temperatures ranged from 
120 to 150°F for most electronics. The spacecraft failure 
3 wk after encounter was caused, at least in part, by 
overheating. The Mariner IV design was considerably 
more successful; spacecraft temperatures remained within 
tolerance for more than 3 yr in space. However, signifi- 
cant changes to this design were required to complete 
a Venus mission successfully. 

The flight spacecraft for the Mariner Venus 67 mission 
was to be the reworked flight spare from the Mariner 
Mars 1964 project. Changes within the bus being rela- 
tively minor, little modification to the internal thermal 
design was required. The important thermal differences 
between the 1964 and 1967 missions were boundary- 
condition changes. 

Because of antenna-pointing requirements, Mariner V 
was flown “upside-down” relative to the sun as compared 
with Mariner IV. The second significant boundary- 
condition change was caused by the greatly increased 
solar intensity to which Mariner V was exposed: 
126 W/ftz at launch, 248 W/ft2 at encounter, and 386 
W/ftz at perihelion (Fig. VI-46). The critical thermal 
problems of the Mariner V spacecraft were caused by 
the need to controI the external heat balance so that 
acceptably cqol spacecraft temperatures would result. 

The design approach for the temperature-control sub- 
system used both test and analysis; there was perhaps 
more emphasis upon space-simulator tests and less em- 
phasis upon analysis than is usual. Early in the program, 
a fairly coarse (80-node) computer model was generated. 
Based upon this model and Mariner Mars 1964 project 
experience, a preliminary design was derived. The design 

was verified, and modified as necessary, during space- 
simulator testing of a full-scale temperature-control 
model. 

Spacecraft temperature response to various input pa- 
rameters was also obtained during these tests. The com- 
puter model was revised upon the basis of these results 
for use in the prediction of flight temperatures for situa- 
tions that could not be simulated: launch, midcourse- 
maneuver, and encounter transients. Space-simulator 
testing of the flight spacecraft provided additional cruise- 
temperature data, which (after correction for known test 
errors) formed the basis for flight predictions. Minor 
modifications to the thermal design were made during 
these tests to provide final adjustments in temperature. 

The Mariner Venus 67 mission philosophy was, thus, 
to use test data whenever possible for both design pur- 
poses and flight predictions. This was possible because of 
the nature of the Mariner flyby missions, which facilitated 
duplication of flight conditions in a space simulator. Be- 
cause of scientific and long-range communications re- 
quirements, these spacecraft were three-axes stabilized. 

3 8 0 ~  

100 
200 2 0 40 80 120 160 
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Fig. VI-46. Solar intensity 
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The interplanetary trajectories take the spacecraft be- 
yond the thermal influence of the earth about an hour 
after launch, and encounter geometries are such that the 
spacecraft is only mildly affected by the planetary en- 
counter. Hence, most of the spacecraft flight is spent in 
a quasi-equilibrium condition, with solar heating the 
only significant external heat input. 

Furthermore, in the Mariner V design, every effort was 
made to minimize the influence of solar heating on most 
of the spacecraft. Thus, the spacecraft had relatively 
simple boundary conditions, and was insensitive to solar 
spectrum and intensity. These factors combined to make 
the Mariner space-simulator tests both straightforward 
and generally accurate. The “one-shot” nature of the 
Mariner Venus 67 mission demanded the utmost in relia- 
bility, and this design approach was considered the most 
conservative available. 

a. Subsystem hardware description. The temperature- 
control subsystem consisted of mechanical hardware used 
to maintain the spacecraft-element temperatures within 
specified bounds. This equipment consisted of the 
following: 

(1) Louvers. 

(2)  Thermal blankets. 

(3)  Deployable sun shade. 

(4) Fixed shields. 

(5) Temperature-control references. 

Emittance-control louvers were located on six of the 
eight bay faces to minimize temperature excursions 
caused by changes in the heat load within the spacecraft 
octagonal compartment. 

The thermal blankets were multilayer, metallized- 
plastic radiation shields that were fitted over the top 
and bottom of the spacecraft to minimize heat rejection 
or acceptance along the roll axis. 

A sun shade, deployed at solar-panel extension, was 
provided on the sunlit side of the spacecraft. This shade 
prevented direct solar irradiation of the booster-interface 
components mounted on the sunlit side of the spacecraft 
and items (such as louvers) that extended outboard of 
the bay faces. 

The fixed shields were thin-gage, polished-aluminum 
structures that were mounted on various areas of the 
bay faces to limit the fixed heat-rejection area of 

the octagonal compartment. Separate shades and shields 
provided local thermal protection for critical items 
mounted outside the bus compartment. 

The TCRs were painted-fiberglass, paddle-like struc- 
tures mounted at the tips of three solar panels. The 
measured TCR temperatures helped to correlate flight 
and space-simulator data, and also improved under- 
standing of the optical properties of typical surface-paint 
coatings used for temperature control. 

b. Temperature-control resultsc-crmise. Table VI-17 
describes the flight-temperature instrumentation and 
lists telemetry channels by which temperature data were 
transmitted. Significant flight data and preflight predic- 
tions are listed in Table VI-18. Cruise temperatures as 
a function of flight time are shown in Appendix C 
(Figs. C-36-4-72). Nominal temperatures (postlaunch 
predictions) are also shown for comparison. A discussion 
of the results obtained from individual telemetry channels 
is provided below. 

Bus measurements. An estimate of the error sources in 
the JPL 10-ft space-simulator test setup indicated that 
test temperatures were about 2°F high for earth modes 
and 3°F high for Venus modes. Therefore, the test data 
for the flight spacecraft were corrected by these amounts, 
yielding the flight predictions shown in Table VI-18. 

In the worst case, the uncertainty in these predictions 
was -t-lO”F, but the probable error was believed to be 
within +5’F. Actually, the average bus temperature 
was 1-2°F above prediction for most of the flight. The 
maximum deviation for any measurement was 4°F. As 
the flight data were about midway between prediction 
and simulator data, it might appear that the simulator 
data were overcorrected. However, from data received 
after encounter, this is not believed to be the case. 

The prelaunch predictions described above were re- 
vised after launch upon the basis of near-earth data to 
obtain the best possible predictions for the remainder 
of the flight. 

A comparison of flight data with these predictions 
shows that typical bus temperatures were slightly higher 
than these nominal levels until after encounter, when 
the actual temperatures tended to be somewhat lower 
than nominal. The distortion in the curve shape is prob- 
ably caused by an inaccurate representation of louver 
behavior. Possibly the assumed emittance-temperature 
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Table VI-17. locations of temperature transducers 

Channel 

40 1 

421 
217 
408 
402 

437 
423 
438 
404 
42.4 
436 
405 
414 
41 8 
426 

21 8 
219 
407 
410 

Location 

Bay I electronics chassis (power and pyrotechnics con- 

Bay 2 shear web (postinjection propulsion system) 
PIPS propellant tank (bay 2) 
PIPS N? gas bottle 
Bay 3 electronics chassis (science and data automation 

UV-photometer sensor 
Bay 4 electronics chassis (data encoder and command) 
Trapped radiation detector 
Bay 5 electronics chassis (receiver and tape recorder) 
Voltage-controlled oscillator (bay 5) 
Tape recorder [bay 5) 
Bay 6 electronics chassis (transmitter) 
Auxiliary oscillator 1 (bay 6) 
Auxiliory oscillator 2 (bay 6) 
Bay 7 electronics chassis (attitude control and central 

+ X / - V  attitude-control N 2  gas bottle 
- X / + Y  attitude-control Nz gas bottle 
Power regulator (bay 8 hat spot) 
Canopus sensor 

trol) 

system) 

computer and sequencer) 

function was wrong, or else bearing friction slightly 
retarded the opening of the blades as the temperature 
rose. 

In any case, by the time telemetry was lost in late 
November 1967, the bus temperatures were almost 
exactly at the levels expected before launch, which tends 
to verify the assessment of space-simulator conditions. 
In view of the size of the test errors, the agreement of 
flight data with preflight estimates is remarkable. 

Thermal effects of ranging had not been evaluated 
before launch. During the flight, it was found that a 
temperature rise of about 1°F could be expected in bays 
4 through 8 when the ranging receiver was turned on. 

UV photometer. The temperature-time history of this 
instrument throughout the flight was as expected, except 
for a 23°F temperature increase after MT-6 (33%-8?4 
bits/s). This increase resulted from a power change of 
about 0.5 W; the change was normal, but its effect had 
been overlooked in preflight testing. 

Upper thermal shield-shaded side of spacecraft. This 
measurement was primarily intended to compare the 
flight environment to space-simulator conditions, and 
aIso to allow some evaluation of shield performance. 

Chann'el 

428 

41 9 
431 
439 

434 
430 

435 
422 

406 
425 
433 
403 

427 

409 

429 

41 2 

432 

413 

Location 

Battery (bay 8) 
High-gain antenna reflector 
low-gain antenna mast at magnetometer 

Magnetometer sensor 

Upper thermal shield, exterior 

Primary sun sensor (bay 2) 
lower thermal shield, exterior 

Plasma probe 
+X roll/yaw jet ossembly (4A1 solar panel) 

- Y  pitch jet assembly (4A7 solar panel) 
-X roll/yow jet assembly (4A5 solar panel) 
Ise - VeC transducer (4A5 solar panel) 

Spar near zener diode (4A5 solar panel) 

4A1 solar panel (+X axis) 

4A5 solar panel ( -X axis) 

Temperature-control reference (S-13 white), 4A1 solar 
panel 

solar panel 

solar panel 

Temperature-control reference (S- 13M white), 4A5 

Temperature-control reference (Cat-A-lac black), 4A7 

Using flight data, the heat loss from the bus was com- 
puted to be nearly eonstant at 0.78 W/ft2, and the effec- 
tive emittance of the shield was 0.02. These values must 
be regarded as upper limits, as part of the heat loss at 
the transducer was caused by heat conduction down 
the leads. 

A significant result of these calculations is the deriva- 
tion of space-simulator heat inputs to the upper shield. 
The external heat input (radiation from shield minus 
input from bus) was calculated to be 1.3 W/ft2 at earth 
intensity, which is about double the amount expected 
from previous evaluations of stray radiation. The in- 
crease was undoubtedly caused by the presence of the 
spacecraft and associated hardware in the simulator. 

High-gain antenna. The temperature prediction for 
the high-gain antenna, based upon analysis, proved to 
be about 25°F low. Considering the low temperatures 
involved, such a discrepancy is not surprising. During 
the flight, the temperature varied in sun-dependent 
fashion because the heat input was primarily by radi- 
ation from the solar panels. The position change (APAC) 
at encounter reduced the radiative coupling between 
the high-gain antenna and the upper thermal shields, 
and increased the coupling between the high-gain 
antenna and the solar panels. These changes lowered 
the upper thermal shield temperature 12"F, and raised 
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Table VI-1 8. Telemetered flight temperatures 

437 
41 8 
438 

Telemetry 
channel 

UV photometer 
Auxiliory oscillator 2 
Trapped radiation detector 

428 
409 
429 
410 
430 
43 1 
41 2 

52 
68 
48 

-220 
-16 

61 
65 
61 

location 

54 47 46 59 60 
67 62 62 75 75 
52 43 45 56 58 

-195 -220 -197 -175 -151 
7 -16 7 - 25 5 

65 55 56 64 66 
68 58 59 65 66 
64 56 57  67 69 

Pre-Canopus 
acquisition," 

Earth cruise, Venus cruise,' 

401 Bay 1 
421 Bay 2 
402 Bay 3 
422 Plasma probe 
403 I,,-V,, transducer 
423 Bay 4 
404 Bay 5 
424 Voltage-controlled oscillator 
405 Bay 6 
425 - Y  pitch jet assembly 
406 
426 Bay 7 
407 Bay 8 
427 Solar panel 5 spar 
408 Postinjection propulsion 

system N? tank 
Battery 
Solar panel 4A1 
Solar panel 4A5 
Canopus sensor 
Primary sun sensor 
low-gain antenna mast 
Temperature-control 

+X roll and yaw jet assembly 

reference S-13 
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the high-gain antenna temperature 21 O F .  These seem- 
ingly dramatic changes were actually caused by very 
small changes in energy inputs, as explained below. 

Low-gain antenna mast. Lowtemperature spacecraft 
components are very sensitive to extraneous heat inputs 
in space-simulator tests because small changes in heat 
input cause large temperature changes. A change in heat 
flux that produces a 10°F AT at 70°F will produce a 
32°F AT at -100°F. For this reason (and others), the 
heavily corrected space-simulator data that yield tem- 
perature predictions for these items have sizable uncer- 
tainties, perhaps e30"F. The agreement between 
predicted and flight data for the low-gain antenna mast 
is, therefore, fairly good. 

The mast (waveguide) temperature proved to be sen- 
sitive to RF losses. The temperature increased 11°F 
when the TWT amplifier replaced the cavity amplifier, 
and the temperature dropped 19°F when the switch 
to the high-gain antenna occurred. About 4°F of the 
first temperature change was caused by the temperature 
change in bay 6. The remaining AT was the result of 
power-loss changes in the waveguide. 

Magnetometer. The thermal behavior of the helium- 
magnetometer sensor during the flight was anomalous. 
The actual flight temperatures of the sensor were 7°F 
at earth and 5°F at Venus (23 and 30°F higher than 
predicted). 

Because the predictions were based upon data from 
flight-spacecraft space-simulator tests, it is likely that 
the discrepancy was caused by an inaccurate assessment 
of the differences between the chamber and space. Two 
corrections were applied to space-simulator magnetom- 
eter temperatures: (1) a negative correction of 10°F to 
account for the effective chamber sink temperature, and 
(2) a positive correction of 0°F at earth and 5°F at 
Venus to account for the fact that the spacecraft was 
tested with shortened ("stubby") solar panels because 
of chamber size limitations. 

Even if the sink-temperature correction were reduced 
to zero, a worst-case analysis of the solar-panel effect 
would not explain the discrepancy between flight and 
predicted temperatures. 

Except for the initial temperature offset at earth, 
the thermal behavior of the sensor during the remainder 
of the mission was normal. Early in the flight, it was 
thought that the sensor was too responsive to changes 

in the mast temperature, which would indicate a signi- 
ficant change in the conductive coupling between the 
mast and the sensor. However, a review of test data 
revealed that the flight behavior was normal, but this 
had not been apparent during tests because of nonsteady- 
state conditions. 

Although the temperature control of the magnetometer 
was anomalous, the performance of the instrument was 
in no way affected because it was designed to operate 
over a range of -30 to f150"F. 

Lower thermal shield-sunlit side of spacecraft. In 
the absence of any change in radiative properties, this 
temperature should have been very nearly proportional 
to the fourth root of the solar intensity. A small correction 
is necessary to account for the fact that the transducer 
temperature really was somewhere between the tem- 
perature of the first and second layers of the shield 
rather than exactly at the temperature of the first 
(Teflon) layer. 

This effect caused a maximum decrease of 4 or 5°F 
in the measured earth-to-Venus temperature rise, as 
compared to that computed for an idealized adiabatic 
flat plate; it was neglected in the postlaunch prediction. 
The temperature rise in flight exceeded both simulator 
results and postlaunch predictions (see Table VI-18 and 
Fig. VI-47); this was caused by darkening of the Teflon 
outer-shield layer. Neglecting the relatively small cor- 
rection discussed above, the increase in absorptance a 
during the flight was as shown in Fig. VI-48. The initial 
absorptance a, was 0.13. 

The 10°F difference in temperature between flight 
and the simulator test for near-earth solar intensity was 
probably caused by an infrared heat input in the simu- 
lator rather than by any overall intensity discrepancy. 

Plasma probe. Near earth, the flight temperature was 
the same as the corresponding simulator temperature. 
At encounter, the plasma-probe temperature had risen 
18°F above prediction. This temperature rise was no 
doubt the result of: (1) increased infrared radiant heating 
on the white sides of the instrument caused by the 
degradation of the lower shield, and (2) increased re- 
flected solar heating caused by a darkening of the white 
paint on the sides of the plasma probe. 

Primary sun sensor. When temperature stabilization 
was reached after launch, the primary sun-sensor tem- 
perature was very close to prediction (about 2°F warm). 
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As the flight progressed, the temperature increased more 
rapidly than expected. At encounter, the deviation from 
prediction reached 23°F; after encounter, the sensor 
temperature continued to rise abnormally. 

Data had been obtained during thermal control model 
testing to evaluate the effect of increasing the heat input 
to the primary sun-sensor assemblies. From these data, it 
was deduced that an incremental heat input of 3.2 W at 
Venus would produce the 23 O F  discrepancy observed. 
About 0.7 W of this total was caused by the darkening 
of the lower thermal shield, which increased the infrared 
input to the sides of the assembly and pedestal. The 
darkening of the white paint on the sides of the pedestal 
no doubt also contributed to an increased reflective solar 
input. The remaining input, something less than 2.5 W, 
probably resulted from one or more of the following 
effects : 

(1) Increase in diffuse component of shield and shade 

(2) Shift in shade position. 

(3) Decrease in conduction coupling to bus. 

reflectance. 

Other possible causes, considered less likely, are flak- 
ing paint, transducer detachment, or space-simulator test 
inaccuracies. By the process of elimination, it seems most 
probable that optical changes in the Teflon and/or some 
shifting of the shade position increased the heat input 
to the sides of the pedestal and sensor assembly. 

Attitude-control gas-jet assemblies (Figs. C-58-C-60). 
The temperature predictions for these assemblies were 
made on the basis of type-approval test results in the 
JPL 10-ft space simulator. Agreement with flight data 
was reasonably good. 

Solar panels (Figs. C-46-C-50). Flight predictions were 
made upon the basis of Mariner N flight data, corrected 
for the electrical energy withdrawn from the panels and 
dissipated by the spacecraft. No account was taken of 
the energy dissipated in the zener diodes. Near earth, 
where the diodes dissipated about 230 W, the effect 
was to lower the panel temperatures 8-10°F and raise 
the spar temperature 40°F. At Venus, when panel 
voltage dropped to the point where the zener diodes 
were no longer firing, the panels and the spar were very 
near nominal temperatures. The temperature of the 
solar-cell output transducer (Isc-VoC) was monitored to 
assist in interpreting the data from this cell. Its tem- 
perature was cooler than the panel average because of 
its location in an area of relatively low solar absorptance 
near the panel edge. 

c. Temperature-control results-launch, midcourse- 
maneuver, and encounter transients. Very little tempera- 
ture change was observed in the bus during ascent 
and parking orbit. Temperatures at sun acquisition were 
on the cool side of nominal (1 or 2"F), but within ex- 
pected tolerances. Cooling of external items occurred 
during boost because of gas expansion under the shroud; 
then further cooling occurred while the spacecraft was 
in the shadow of the earth. Limited data were received 
during this period; therefore, detailed analysis of the 
transient is not possible. All data obtained were normal. 

The midcourse maneuver (pitch, 55 deg; roll, 71 deg; 
burn, 15 s) resulted in a moderately severe temperature 
transient. The effects were most pronounced in bay 2 
and adjacent bays. The temperature-vs-time history for 
locations most influenced by solar heating and subsequent 
motor-heat soakback is shown in Figs. VI-49-VI-53. These 
data agreed reasonably well with analytical predictions. 

Temperature data were not obtained at encounter 
during the period of maximum planetary heating of the 
spacecraft. The temperature decay observed beginning 
1 h after closest approach was consistent with predic- 
tions. The average increase in the bus was approximately 
1°F; temperature increases ranging up to 34°F (high 
gain) were observed on external items. Bus cruise tem- 
peratures decreased slightly (1 or 2°F) after encounter. 
This decrease can be attributed in part to ranging turn- 
off on October 19, and partially to minor louver hysteresis 
effects associated with encounter and postencounter 
heating transients and with APAC jarring. 

7 

d. Conclusions and recommendations. The perfor- 
mance of all hardware within the temperature-control 
subsystem was successful. With minor exceptions, the 
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Fig. VI-49. Temperature vs time, midcourse maneuver (high- and low-gain antennas and magnetometer) 

louvers, shields, and sun shade faithfully reproduced 
prelaunch test behavior in flight. The darkening of the 
lower thermal shield and possibly a minor shift in 
position of the sun shade caused some temperature 
increases in sunlit items, but the vital function of heat 
protection for the bus was unimpaired. Louver perfor- 
mance was nominal; the observed effect of bearing fric- 
tion (about 1°F) is mainly of interest in defining the 
ultimate limit of temperature predictability. 

The Mariner V spacecraft thermal design proved to be 
effective in flight. The techniques used to isolate the 
spacecraft from solar heating were sufficient both for 
the primary mission to Venus and for the secondary 
mission through perihelion, where the solar intensity was 
three times that at earth. The average bus-temperature 
increase in transit from earth to Venus was an order of 
magnitude smaller than that for Mariner II (1962). All 
temperatures remained within operating limits during 
the primary mission (launch to E+10 days). With the 

exception of those for the primary sun sensors and 
the plasma probe, all temperatures were expected to 
remain within operating limits through perihelion. 

The techniques developed for solar isolation should 
prove to be useful on future Venus and Mercury 
missions. However, uncertainty as to materials degrada- 
tion in flight and the inherent difficulties of space simu- 
lation continue to be factors that must be taken into 
account in thermal design. 

The basic approach to spacecraft temperature control 
employed for this project proved to be valid. This 
approach, which is typical of Mariner missions, con- 
tained the following elements: 

(1) Exhaustive space-simulator testing of a 
temperature-control model and all flight space- 
craft. 

(2) Design for insensitivity to solar intensity and 
space-simulator limitations. 
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Fig. VI-50. Temperature vs time, midcourse maneuver (bay 2, propellant tank, and PIPS N, tank) 

(3) Early design inputs to spacecraft configuration. 

(4) Employment of a project-oriented temperature- 
control group. 

e. Temperature-control reference results. The purpose 
of the Mariner V TCR was to measure in space the 
net solar thermal energy absorbed by typical spacecraft 
temperature-control surfaces for correlation with solar 
thermal-simulation and laboratory measurements of ther- 
mal radiative properties. In addition, changes of absorbed 
energy in space in temperature-control coatings could be 
determined for correlation with laboratory materials 
testing. 

The coatings slected for use on the TCR assemblies 

(1) Cat-A-Lac flat black epoxy,* a widely used space- 
craft black coating that was one of the test sur- 
faces for the Mariner IV absorptivity standard. Its 
reflectance does not vary with wavelength, so it is 
insensitive to spectral discrepancies between the 
sun and a solar simulator. 

were as folIows: 

*Finch Paint and Chemical Co., Torrance, Calif. 

(2) S-13 white, a widely used spacecraft white coating 
that was known to degrade, but not as extensively 
as the TCR results have indicated. This white was 
used on the TCR because it is of general engi- 
neering interest and because it was used elsewhere 
aboard Mariner V. 

(3) S-13M (modified) white, an experimental white 
coating that was undergoing development at the 
time of the Mariner V launch. Laboratory results 
indicated that it is substantially more stable than 
S-13, and of interest primarily for use on future 
spacecraft. 

Each TCR measured the resistance of a calibrated 
platinum element, and thus measured the temperature 
of a flat plate normal to the sun and radiating from both 
sides. From this temperature, after making suitable cor- 
rections for conduction losses, the product Sa,/€ was 
computed, where S is solar intensity, a is absorptance, E 

is emittance. The net quantity Sa/€ is of interest for 
spacecraft temperature control, particularly in the case 
of the black, which is of significant interest for simulation 
testing of future spacecraft. 
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Posthunch performunee. Results from the TCR during 
the early portion of the Mariner Venus 67 mission verified 
equipment design, implementation, and sensitivity. The 
first data were obtained approximately 0.5 h after sun 
acquisition. All values were within predicted tolerances 
(including channel 412, S-13 coated, which was off scale 
below -30°F). A subsequent decrease in DN value of 
the black TCR (413) and the S-13M white TCR (432) 
over the following 3 h indicated a decreasing thermal 
input from the earth early in the mission. The resultant 
lower equilibrium temperatures, apparently beyond earth 
influence, were still within predicted tolerances. 

Cruise performance. The in-flight temperature mea- 
surements of the black, S-13 white, and S-13M white 
TCRs are given in Figs. VI-54 and VI-55. Prelaunch 
temperature predictions are included for the black coat- 
ing. At the time of sensor design, good data were not 
expected early in the mission; therefore, the temperature 
range for the S-13 coating was biased upward to come 
on scale at a solar absorptance of approximately 0.25 
to allow for the anticipated initial rapid degradation. 
The 5-13 coating was expected to degrade and be on 
scale within 10-15 h after launch. This did not occur 
until L+30 h, indicating either a lower initial solar 
absorptance or a slower initial degradation rate. On the 
basis of earth input computed from early temperatures for 
the black and the modified white coatings, the absorp- 
tance for the first data can be shown to be equal to or 
less than 0.23. 

Early mission data for the S-13M coating clearly show 
that degradation started at a consistent rate early in 
the mission. By interpolation of flight results, degradation 
rates can be resolved with greater precision than is 
possible in the laboratory. 

Results of degradation of both white coatings are 
shown in Fig. VI-%. The end of the curve indicates that 
no further data were obtained because the temperature 
had reached the upper limit of the sensor range. These 
curves show apparent solar absorptance vs mission dura- 
tion, assuming a constant emittance of 0.86 and a solar 
intensity of 0.878 W/in." at 1 AU. (This value was indi- 
cated by early results from the black TCR.) 

The observed bleaching (more than 4%) of the Cat- 
A-Lac black sample was totally unexpected, and is signifi- 
cantly larger than anything observed in the laboratory. 
Simulation testing indicated a change of about 1% in 
solar absorptance for equivalent exposure. 

60 I I I 
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Fig. VI-54. In-flight temperatures of S-13 and 
S-13M white coatings 

ing the mission is shown in Fig. VI-57. 
Change in apparent absorptance/emittance a/€ dur- 

Conclusions and observations. Results from the black 
TCR during the early portion of the Mariner Venus 67 
mission appeared to confirm the recently published value 
for solar intensity of 1.95 cal/cm2 min. Definitive verifi- 
cation of this value was impossible, however, in view of 
the observed degradation and uncertainties in surface 
properties, conduction effects, and data-encoder and 
spacecraft telemetry. Nonetheless, a comparison of flight 
results to those obtained from the cone radiometer will 
make it possible to adjust the JPL 10-ft simulator to a 
one-sun level for future testing independent of the abso- 
lute value of solar intensity. 

Initial values from the black TCR (413) and the S-13M 
white TCR (432) showed reasonable agreement with 
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measured surface properties. The black TCR was some- 
what colder (about 3°F) following launch, after apparent 
earth input had decreased to insignificance, indicating a 
lower a/€ than that measured in the laboratory. However, 
assuming the cone radiometer to be accurate, comparison 
of flight data to results in the space simulator indicated 
that this discrepancy was caused by solar intensity rather 
than by surface properties. This tends to confirm the 
recently published values of the solar intensity as well as 
the measured surface properties. The S-13M white TCR 

EQUIVALENT IAU SUN-DAYS 
0 5 IO 15 20 25 30 35 40 45 50 

0.441 I I I I I I I I I I 1  

(432) indicated an initial a/€ = 0.23, compared to labora- 
tory measurements of a = 0.18, E = 0.86, or a/€ = 0.21. 
This 10% difference was well within the uncertainties in 
surface-property determinations. 

Considering uncertainties in measurements, solar inten- 
sity, and spectral distribution, as well as telemetry, there 
was good agreement between laboratory measurements 
of radiative properties and the results obtained in space. 

The TCR results have raised serious questions about 
the stability of temperature-control coatings in space, and 
about laboratory testing of these coatings. In space, the 
changes of the white TCR coatings permitted more 
precise resolution of changes in solar absorptance than 
is possible in the laboratory. However, discrepancies 
between data obtained by laboratory simulation and 

disagreements by factors of 1%-10, 
laboratory results that are used. 

~ 1 1 ~ 1 ~ 1 1 ~ 1 1  
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Fig. VI-56. Degradation of 5-13 and 
S-13M white coatings 

It has long beem recognized that deficiencies exist in 
laboratory testing, and that disagreement has occurred 
among investigators as to anticipated performance in 
space; but it is clear from the TCR results that very little 
good simulation testing has been done to date. 
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Recommendations. The Mariner V vehicle provided 
almost ideal conditions for a measurement of this type. 
The instrumentation performed as expected, but the 
“stability” of the coatings was substantially less than an- 
ticipated from laboratory simulation. Recommendations 
are as follows: 

(1) In view of the results on coating performance, it 
would have been advantageous to increase the 
range, thereby sacrificing resolution for all three 
channels. This decrease in resolution would have 
yielded data on the white coatings over a longer 
period of time, and perhaps could have indicated 
some equilibrium in degradation. 

(2) The addition of a precision-switching thermometer 
(similar to those used for the Mariner ZV absorp- 
tivity standard), in conjunction with a precision- 
resistance thermometer, could have provided a 
temperature-calibration point to eliminate uncer- 
tainties of the data encoder, and, in addition, would 
have increased the total measurable range. 

(3) A significant increase in TCR accuracy could have 
been achieved by reducing the assembly thickness, 
increasing the through-thermal conductance, or by 
measuring the true average temperature. The 
schedule did not permit these refinements. 

(4) The poor correlation between laboratory testing 
and performance in space indicates the need for 
improved simulation testing as well as for addi- 
tional flight experiments of this type. 

(5) Experiments to permit separate measurement of S, 
a,, and E would be desirable for spacecraft tem- 
perature control, and would provide a correlation 
for improved laboratory measurement of radiative 
properties (a, and E ) .  

H. Propulsion Subsystem Performance 

1. Propulsion subsystem. 

a. Trujecto y-correction maneuuer. The Mariner V 
midcourse maneuver was performed on June 19, 1967. 
The desired spacecraft velocity increment of 16.127 m/s 
resulted in a predicted motor-burn duration of 17.651 s. 
This prediction was made using the burning-time estima- 
tion calculation (BUTEC) link to the midcourse-maneuver 
program. As a result of this prediction, the closest CC&S 

timer interval of 17.66 s was actually used for coding the 
QC-V1-3 burn-duration command for transmission to the 
spacecraft. 

Performance of the propulsion subsystem during motor 
burn appeared nominal, except for a slightly lower thrust- 
chamber pressure than had been predicted. Fuel-tank 
pressure was as predicted (302-306 vs the predicted 
304 psia). The oxidizer-start-cartridge pressure change 
during oxidizer expulsion was 28 psi, which was within 
the expected tolerance. 

Because of the relatively short burn time required, only 
four chamber-pressure telemetry readings were returned 
from spacecraft motor operation. These averaged about 
1.5% below the predicted values (see Fig. VII-3). Al- 
though these telemetry data were within the nominal 
assigned tolerance, the large velocity error of 4.5% asso- 
ciated with the Mariner V maneuver (as indicated by 
tracking data) prompted a critical reevaluation of trans- 
ducer and data-encoder capabilities. 

Results of this review indicated that the potentiometer 
pressure transducers used aboard Mariner V can intro- 
duce an uncertainty of as much as 1.5% of the indicated 
pressure because of mechanical friction and hysteresis 
inherent in the transducer design. As a result, a precise 
assessment of motor performance is not possible from 
the chamber-pressure measurement. 

On the basis of the limited data, therefore, the propul- 
sion subsystem probably performed nominaIIy, aIthough 
steady-state thrust could have been 03% lower than 
predicted. There were no indications in the motor per- 
formance data of thrust or transient errors as large as 
4.5% of the delivered impulse, as was indicated by the 
tracking data. 

b. Cruise. The pressure vessels incorporated in the 
propulsion subsystem (i.e., propellant tank, nitrogen tank, 
and oxidizer-start cartridge) remained leak-tight through- 
out the mission. As was the case with the Mariner ZV 
propulsion subsystem, slow propellant decomposition 
produced a gradual increase in propellant-tank pressure 
throughout the mission. This pressure increase was in 
addition to that predicted because of increasing temper- 
atures as the spacecraft approached the sun. The rate of 
pressure rise caused by decomposition was nearly iden- 
tical to that of Mariner ZV (0.1 psi/day at 65.F). Decom- 
position at the temperatures experienced by Mariner V 
was sufficiently slow to constitute no threat to the mission. 
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The limitations of the potentiometer pressure trans- 
ducer were apparent when pressures were monitored 
during cruise. As with the chamber pressure transducer, 
hysteresis and poor repeatability, together with the lim- 
ited resolution of the data encoder, resulted in uncertain- 
ties of as much as 3% in pressure readings under some 
circumstances. Cruise telemetry readings of propellant- 
tank, nitrogen-tank, and oxidizer-start-cartridge pressures 
are shown in Figs. C-6, C-7, and 6-9, respectively. 

c. Recommendations. The increasing emphasis on per- 
formance analysis during planetary missions suggests 
several areas in which instrumentation performance and 
data return could be enhanced: 

A high-data-rate maneuver telemetry mode that 
returns several samples per second of propulsion 
and other related parameters is required for ade- 
quate analysis of propulsion-subsystem perform- 
ance. Higher resolution in telemetry data than is 
possible with the current 7-bit engineering word 
is also required. 

The potentiometer-type pressure transducer should 
be replaced with a strain-gage or solid-state trans- 
ducer to provide less hysteresis and better repeat- 
ability. 

Continuing research is required to isolate the 
mechanisms producing propellant decomposition 
during long-term storage in space. Although it was 
not a problem during the earth-Venus phase of the 
Mariner V mission, longer storage times and/or 
higher propellant temperatures can produce pres- 
sure increases much higher than have been observed 
to date. 

2. Pyrotechnics subsystem. 

a. Flight performance. Operation of the pyrotechnics 
subsystem was normal throughout the Mariner V mission. 
The subsystem was armed by the PAS at Agenu-spacecraft 
separation. The solar-panel pin-puller squibs were fired 
when commanded by the SIT. The propulsion subsystem 
start and stop squibs were fired by the CC&S, with no 
evidence of abnormal operation. 

Excitation was supplied to the terminator sensor follow- 
ing receipt by the spacecraft of the DCV-% command 
during the encounter sequence. Telemetry data indicated 
that the expected excitation voltage was applied to the 
sensor. The APAC was successfully accomplished as the 
terminator of the planet passed through the FOV of the 
terminator sensor. 

b. Recommendations. A means of determining capacitor 
charge condition would be useful in monitoring the status 
of the pryotechnics subsystem before squib-firing events. 

I. Reliability Spacecraft Program Results 

1.  Basic arem of reliability concern. Mariner V has 
proven itself to be an extremely reliable in-flight space- 
craft. This may not appear to be remarkable in view of 
the high order of reliability that was demonstrated by its 
predecessor, Mariner lV, during its flight to Mars in 1964. 
However, the modification of an already-built Mariner IV 
type of bus and science payload, together with the devel- 
opment of new bus and science subsystems for the Mariner 
Venus 67 mission, presented a variety of reliability 
problems. 

These problem areas were intensified by resource 
(schedule, manpower, and financial) constraints inherent 
in the Mariner Venus 67 project from its inception. Some 
of the major reliability problems involving electronic piece 
parts, environmental and system test constraints, new 
(to JPL) development hardware, and PFRs are discussed 
in the paragraphs that follow. 

2. Electronic piece parts. Much of the basic bus hard- 
ware used for Mariner V was spare hardware from the 
Mariner Mars 1964 project. Most of the electronic parts 
incorporated in these subsystems were manufactured in 
1962 or early 1963, and had been subjected to many 
hours of subsystem operation as part of the Mariner IV 
subsystem functional and environmental test effort. 

These parts were analyzed for wearout or partial wear- 
out and known unreliability because of either a previous 
failure history or a known manufacturing fault. Much 
of the effort to effectively solve such part problems 
within the resource constraints was undertaken as part of 
a suspect parts team investigation, which is described in 
Section IV-M of Volume I of this report. 

Another critical electronic-parts problem area was the 
procurement and screening effort necessary to obtain 
parts to build new subsystems, to replace unreliable parts, 
and to provide spares. These tasks were accomplished 
through an all-out coordinated effort on the part of the 
technical division project representatives, parts specialists, 
and parts acquisition and reliability personnel. 

The Mariner Venus 67 project was the first Mariner 
project that had certain types of electronic parts showing 
the failure mechanism of wearout. Eight parts were 
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classified as wearout failures after reliability analysis. 
All were failures detected before launch. 

Six of the wearout failures were adjustable capacitors 
in the radio subsystem. These capacitors had to be 
constantly adjusted for calibration purposes, and the 
inside bushing threads eventually wore to such a degree 
that the capacitors could not be adjusted to the required 
accuracy. All of the worn capacitors were in hardware 
originally fabricated for Mariner IV, and most had been 
exposed to almost 2000 h of operation (and hundreds of 
adjustments) before wearout. 

All but one of these failures were on nonfiight hard- 
ware. The remaining two wearout failures were tubes 
used in the science-payload hardware. One of these 
failures was a Geiger-Mueller tube that failed after 
several thousand hours of use on the trapped radiation 
detector TA unit. The other tube-wearout failure was a 
phototube on the UV-photometer proof-test model. Both 
of these tubes had operating lifetimes that exceeded 
their specification limits, and both were on nonflight 
hardware. No wearout failures were detected aboard 
Mariner V after launch through the end of Phase I of 
the mission. 

A total of 16 relevant electronic-part failures occurred 
on Mariner Venus 67 mission hardware before launch. 
No relevant failures were detected aboard the Mariner V 
spacecraft after launch through the end of Phase I of the 
mission. [A relevant failure is defined as a random failure 
occurring after power turn-on during module, subsystem, 
or system testing, or during flight. Excluded are faiIures 
caused by human error and failures induced by 
operational-support equipment. Also excluded are fail- 
ures caused by design errors, mishandling, screening 
rejections, and faulty workmanship; also, early-life fail- 
ures (those during the first 10 h of power-on). A relevant 
failure is the type of failure that would have the highest 
probability of occurrence during the flight of a well- 
designed spacecraft, if any failure would occur.] 

The 16 relevant failures included those of six capacitors, 
one crystal, two diodes, one gyro, two integrated circuits, 
one relay, one transducer, one transformer, and one 
transistor. 

The large number of capacitor failures in relation to 
the other part failures can be attributed to the failure of 
certain tantalum wet-slug capacitors having a rubber 
hermetic seal and process that was state-of-the-art when 
the capacitors were manufactured before the start of the 

Mariner Mars 1964 project. This seal/process combina- 
tion eventually cracked and leaked the electrolytic after 
repeated thermal-vacuum environmental tests. 

Failure of these capacitors is a good example of one of 
the known reliability risks assumed by the Mariner Venus 
67 project. This type of capacitor was considered highly 
reliable (in fact, one of the best available in its class) 
when it was manufactured in 1962. Since then, however, 
the manufacturer has improved the internal construction 
of the device and provided a Teflon seal, with a sub- 
sequent improvement of reliability. 

A further discussion of relevant failures on the Mariner 
Venus 67 project will be found in Ref. 27. 

3. Environmental and system test constraints. The 
Mariner Venus 67 project had to assume certain relia- 
bility risks in environmental testing. Because there was 
only a Aight system and aflight spare, the flight spare 
had to double as a proof-test model during certain system 
functional testing. Also, the proof-test model could not be 
used as a TA system test bed because TA environmental 
test levels are not intended for use on flight hardware. 

In some cases, Mariner Mars 1964 TA units were avail- 
able for subsystem TA testing. However, a ground rule 
of the project was that subsystem designs qualified 
during the Mariner Mars 1964 project and not under- 
going major design changes for the Mariner Venus 67 
project would not have to be requalified, not through 
the full retype-approval cycle at least. 

All major new development, or new-to- JPL hardware 
(e.g., the DAS and DFR), required a TA unit for design 
qualification at the subsystem level. Because of delivery 
difficulties with TA hardware for these two subsystems, 
the TA testing was done late in the project, when any 
major design deficiencies uncovered by the TA level of 
environments would be extremely difficult to correct in 
time to meet the launch window. Fortunately, TA testing 
uncovered no major design difficulties for these 
subsystems. 

The spare flight spacecraft (M6?-1) proved to be an 
efficient test bed for exposing problems that were avoided 
when the flight spacecraft (M67-2) was subjected to 
environmental and functional testing. The efficiency of 
this method was attributed in part to the use of a single 
test team for both spacecraft during system testing at the 
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Spacecraft Assembly Facility and AFETR, as opposed to 
the normal approach of using one test team per space- 
craft. This technique proved to be very effective, espe- 
cially from a human-factors-training aspect. 

Another interesting result of system testing was the 
discovery and elimination of systematic design defects 
inherent in the Mariner Mars 1964 mission hardware. 
All of the hardware involved had been subjected to 
comprehensive TA environmental testing (during the 
Mariner Mars 1964 project) for design qualification; how- 
ever, it appears that design defects of a systematic nature 
still remained. These defects were found during system 
functional and flight-acceptance testing on the flight ve- 
hicle and the flight spare before the launch of Mariner V; 

Further studies in this area are being made by JPL 
systems engineers and a study contractor, but initial 
results indicate that subsystem and system qualification 
testing of TA hardware is not enough to fully qualify 
design. Although such testing eliminates many design 
deficiencies, it appears that environmental testing of the 
actual flight hardware is required to provide full con- 
fidence in the adequacy of the flight-hardware design. 

4. New development hardware. The science payload 
aboard Mariner V had one subsystem, the DAS, that was 
of an entirely new design from that of Mariner ZV, and 
another subsystem, the DFR, with which JPL had had 
no experience. Most of the DFR hardware was identical 
with that of an instrument flown successfully in the 
Pioneer spacecraft series; nevertheless, it was not known 
how well the DFR would interface with the existing 
Mariner Venus 67 system hardware. 

The DAS had to be designed, fabricated, and tested 
on a very tight schedule, and had to meet strict size and 
weight requirements. Consequently, the decision was 
made to design the DAS using integrated circuits (ICs) 
and multilayer laminates, both state-of-the-art devices 
with relation to JPL subsystem-system environmental 
testing and deep-space, long-life missions. To verify 
process and manufacturing controls of the laminates and 
ICs, a parallel evaluation test program was initiated. 
Also, in an attempt to improve IC yields and reliability, 
JPL quality assurance microscopically inspected the ICs 
at the manufacturer's facility prior to the normal electri- 
cal screening cycle. 

Some of the reliability problems encountered (and 
subsequently resolved) during the DAS design-through- 
test phases were: (1) lids coming off of the IC flatpacks 

because of improper lid-bonding temperatures; (2) status- 
bit toggling caused by system noise; (3) ICs that ap- 
peared not to operate properly in the hardware after 
satisfactory checkout; (4) crystal interference with the 
DFR; and (5) a large lot of pulse transformers that had 
passed screening, but contained unsoldered internal leads 
that eventually led to part failures and a subsequent 
major retrofit effort. 

The DFR presented a different set of problems. The 
flight and qualification units were, for the most part, of 
a firm, proven design, having flown successfully in the 
Pioneer program. However, the differences in environ- 
mental test requirements of the two projects were enough 
to cause some hardware dBculties during TA testing. 
But the major problem encountered with the DFR was 
system noise associated with integrating the DFR into 
the spacecraft. The DFR was designed to measure dis- 
persive doppler radio frequencies at 423.3 and 49.8 MHz 
during planetary-occultation entry and exit. The Mariner 
ZV spacecraft was not designed for insensitivity to electro- 
magnetic interference at these frequencies, and RF noise 
was generated in the 49.8-MHz band. The following 
steps were taken to solve this noise-interference problem : 
(1) replacing certain diodes in the power subsystem; 
(2) changing the frequency of the DAS master oscillator 
crystal; (3) installing ferrite beads at the DAS connectors 
for all wires in the science instruments case harness; 
(4) wrapping the DAS interconnect harness with alumi- 
nized mylar; and (5)  adding bandpass and low-pass 
filters to the DFR input circuits. The spacecraft then 
successfully passed electromagnetic-interference testing, 
and caused no problems to the DFR during the flight. 

A breakdown of the electronic parts composing the 
Mariner V spacecraft is shown in Table VI-19. Of the 
25,268 electronic parts listed, 594 were ICs (566 ICs in 
the DAS and 28 ICs in the DFR). A total of 19,812 
equivalent discrete parts would be required to replace 
the ICs. Therefore, MarinerV had the equivalent of 44,486 
discrete parts (25,268 - 594 + 19,812). This is actually in 
excess of 5000 parts more than the electronic-parts count 
of 39,220 for Mariner IV, which was composed entirely 
of discrete parts (except for a few low-complexity ICs in 
the scan-platform system). 

5. Problem failure report summary. One of the relia- 
bility goals of the Mariner Venus 67 project was to 
improve the PFR system over that of the Mariner Mars 
1964 project. Fewer PFRs were written for Mariner 

JP L TECHNICAL REPORT 32- 7203 327 



120 

328 

- 

63 
5 8  r 

PFR MONTHLY SUMS 
(OPEN AND CLOSED) VS FAILURE DATE 

TOTAL PFRs 825 
TOTAL OPEN PFRs 0 
TOTAL CLOSED PFRs 825 

MONTH OF ORIGINATION 
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Venus 67 than for Mariner Mars 1964 (825 vs 1500) 
because of less hardware, a shorter schedule, and a much 
greater quantity of proven hardware. However, the 
Mariner Venus 67 PFR quality was higher, and accep- 
tance of PFRs as an invaluable aid in technical and 
managerial corrective action was more pronounced than 
in the Mariner Mars 1964 project. 

A brief description of the means used to implement the 
PFR system in the project is presented in Section IV-M 
of Volume I of this report. A histogram of PFR activity 
plotted against time is shown in Fig. VI-58. Before launch, 
817 PFRs were written on flight and ground-support 
equipment; eight PFRs were written on the fight space- 
craft during Phase I of the mission. 

Capacitors 

594 
406 
145 
257 

1465 
227  
42 

0 
0 
6 

232 
144 

94 
162 
212 
203 
405 

4594 
- 

Table VI-19. Summary of Mariner V parts count by subsystem 

Diodes 

203 
79 1 
293 
728 

1464 
291 
48 

0 
0 
4 

33 1 
89 
38 

425 
83 

148 
111 

5047 

Subsystem 

Radio 
Command 
Power 
Central computer and sequence 
Data encoder 
Attitude control 
Pyrotechnics 
Wiring 
Thermal 
Mechanical 
Tape recorder 
Data outomation subsystem 
Trapped radiation detector 
Plasma probe 
Magnetometer 
UV photometer 
Dual-frequency receiver 

Total subsystem parts 

Reference 
designator 

Resistors 

658 
1030 
395 

1059 
3416 

523 
114 

0 
0 
6 

686 
261 
206 
684 
597 
665 
48 1 

1 0,78 1 
c_I 

="Other" includes inductors, relays, transformers, microcircuits, cores, silicon-controlled rectifiers and switches, crystals, 
thermistors, sensitors, fuses, and tubes. 

bTatol does not include 518 connectors. 
CThere were 566 microcircuits in the data automation system. 
dThere were 28 microcircuits in the dual-frequency receiver. 

Transistors 

122 
338 
134 
266 

1055 
119 

4 
0 
0 
0 

197 
62 
61 

21 1 
153 
155 
150 

3027 
- 

Other" 

197 
50 
97 

260 
185 
101 
32 
0 
3 

13 
33 

61 7" 
18 
12  
6 

52 
143' - 

1819 

Totalb 

1774 
2615 
1064 
2570 
7585 
1261 

240 
0 
3 

29 
1479 
1173 
41 7 

1494 
1051 
1223 
1290 

25,268 
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VII. Flight Support Testing 

Date, 1967 

oct 2 

A. Postlaunch Test Operations 1. Support at Air Force Eastern Test Range. This 
support at the Air Force Eastern Test Range included 
the following: (1) The spare (M67-1) spacecraft was 
turned on and conditioned to the same status as the 3ight 
(M67-2) spacecraft; i.e., cruise mode. (2) The maneuver 
commands were then transmitted to the spare spacecraft 

Postlaunch test operations consisted of five procedures, 
which are discussed in the following paragraphs; major 
Spacecraft Assembly Facility (SAF) electrical operations 
are summarized in Table VII-1. 

Operation 

SPAC support testing of encounter procedure 

Table VII-1. Mariner V (M67-1) Spacecraft Assembly Facility electrical operations 

Date, 1967 

Jul 3 
Jul 13 

Jul 18 
Jul 27 

Aug 10 

Aug 24 
Aug 25 

Sep 9 
Sep 11 
Sep 15 
Sep 21 
Sep 25 
Sep 26 
Sep 28 

Operation 

Verification of all spacecraft and OSE' functions 
SPACb support testing of procedure for using inertial 

mode to acquire star Spica to calibrate UV phatom- 
eter 

Verification of a l l  STCDS' functions and data modes 

Evaluation test of UV photometer and planet sensor 
output signal interface with data automation sub- 
system 

Verification of STCDS telemetry and science data pro- 
gram 

Investigation of prototype Canopus sensor problem 
SPAC support testing of encounter procedure 
Investigation of UV-photometer problem 

Investigation of UV-photometer problem 
SPAC support testing of encounter procedure 
SPAC support testing of encounter procedure 
Special test of main booster-regulator failure mode 
Preparation for SPAC support testing 
SPAC support testing of encounter procedure 

Oct 3 
Oct 4 
Oct 5 
Oct 6 
Oct 10 
Oct 12 
Oct 19 
Oct 25 
Oct 26 
Nov 13 

Nov 17 

Nov 20 
Nov 27 
Nov 28 
Dec 15 

SPAC support testing of encounter procedure 
SPAC support testing of encounter procedure 
SPAC support testing of encounter procedure 
Special tests of UV photometer 
SPAC encounter support testing 
SPAC encounter support testing 
SPAC real-time Mariner V encounter support 
Special battery-charger tests 

UV-photometer problem investigation 
Special SPAC test to verify procedure for midcourse 

maneuver and recording sequence used for in-flight 
calibration of Mariner V W photometer 

Rerun of special SPAC midcourse maneuver and record- 
ing sequence 

Special UV-photometer test 
Special electromagnetic-interference test 
Special electromagnetic-interference test 
Pre-storage system verification test 

80SE = operational support equipment. 
%PAC = spacecraft performance analysis and command. 

CSTCDS = System Test Complex Data System. 
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prior to transmission to the flight spacecraft to verify 
coding and responses. (3) A “junior” spacecraft perfor- 
mance analysis and command (SPAC) team (SPAC JR) 
monitored the flight spacecraft operation for a week 
subsequent to launch. This provided a backup to the 
JPL SPAC. 

2. Return of the spare spacecraft to JPL. The spare 
spacecraft returned to JPL was functionally tested 
(system-verification test MV67 300) without incident. 
However, one failure occurred in the central computer and 
sequencer (CC&S) operational support equipment (OSE). 
A terminal in the blockhouse power supply was broken 
and, as a result, the power supply was intermittent. 

3. Spacecraft performume analysis and command 
encounter tests and special tests. During this period, the 
following tests were performed: 

a. Science UV-photometer tests. Many tests were per- 
formed on the spare spacecraft science subsystem to 
investigate the UV-photometer problem (shift in quies- 
cent reading), which occurred on the flight spacecraft 
science subsystem. 

b. Mission Operations System test. This test was per- 
formed to verify the readiness af Space Flight Operations. 
Facility (SFOF) personnel for encounter. Included were 
normal encounter and cruise tests, and the same tests 
repeated with simulated failures. 

c. SPAC anomaly tests. Several tests were performed 
to simulate possible spacecraft malfunctions. Some of 
these tests were as follows: 

Simulated failure of main booster-regulator (B/R). 
For this test, a special switch was installed in the 
input to the main B/R to provide a realistic simu- 
lation of main B/R failure and resulting transfer 
to maneuver B/R. Photographs of spacecraft tran- 
sients on B/R input current and voltage were 
taken during the changeover from main to maneu- 
ver B/R. Results of this test appeared to be the 
same as if the spacecraft external power had been 
turned off and then on again. 

Failed command tests. With failures introduced 
in the command decoder hardware, a series of RF 
commands were sent to the spacecraft and pro- 
cedures for recovering from each situation were 
devised. 

The effects of spacecraft battery-charger current 
limits on the spacecraft system. The battery was 

removed from the spacecraft and a variable-load 
box was connected across the battery charger. The 
load was varied and the effect on the spacecraft 
system due to noise generated by the charger was 
observed by all OSE personnel. Various anomalies 
occurred as a result of the noise, such as loss of 
science bit sync and engineering transverse mag- 
netic bit sync. Charger current was increased to 
a maximum of 0.84 A. Previous charger analysis 
revealed a theoretical upper limit of 0.60 A. 

d. Electromagnetic-interference tests. These tests were 
performed to measure noise levels and turn-on transients 
between various spacecraft returns and on several supply 
voltages. A report on this test is being written. 

4. Standby during flight spacecraft encounter. The 
spare spacecraft was operated in the same modes as the 
flight spacecraft during encounter so that possible prob- 
lems during encounter could be duplicated and inves- 
tigated. No flight spacecraft problems occurred. 

5. Preparation for storage of the spare spacecraft. 
After all encounter and postencounter tests were com- 
plete, the spare spacecraft was disassembled, cleaned, 
and reassembled. After this, a system-verification test 
(MV67 300) was performed to verify spacecraft operation 
before placing the spare spacecraft in storage. 

B. Occultation Ground Equipment Description 
and Configuration 

A device was built that was capable of testing all 
facets of the data collection and reduction techniques by 
simulating the anticipated signal characteristics. Basically, 
this simulator consisted of a signal source of which the 
frequency and amplitude could be varied in a pro- 
grammed manner. Specifically, the components included 
a voltage-controlled oscillator (VCO), retuned to operate 
at 19 MHz, that functioned as a basic signal source. This 
was followed by an X3 multiplier, an amplifier, and a 
step recovery diode-type spectrum generator. The desired 
component of 2295 MHz was selected by a filter and the 
initial signal level set by a variable attenuator. The finaJ 
component in this string was a voltage-controlled attenu- 
ator (VCA). A block diagram of the simulator is shown 
in Fig. VII-1. 

Voltage functions required to drive the VCO and VCA 
were obtained from nonlinear voltage dividers in the 
form of two ganged, multiple-tap potentiometers driven 
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Fig. VII-1. Occultation simulator block diagram 

by a synchronous motor. The taps of the potentiometers 
were wired to connectors and a resistor matrix was sol- 
dered into the mating portion of the connector. The tise 
of different connectors with different resistor matrixes 
permitted the generation of any desired voltage function. 
Use of different speed motors permitted a variation in 
duration of atmospheric effects. 

The output signal, which was at S-band, was fed into 
the traveling-wave maser (TWM) input at Deep Space 
Stations (DSS) 13 and 14. This permitted checking the 
receiver operation to obtain an idea of when loss of lock 
would occur, and also provided some operator training. 
In addition, the signal was recorded by the open-loop 
receiving system and reduced by the proposed data- 
reduction technique to prove its suitability. 

increment achieved was 95.4% of that commanded. The 
first indication of an incorrect midcourse maneuver was 
revealed by the real-time doppler tracking data, which 
showed a frequency shift of 12.6 Hz instead of the ex- 
pected 13.6 Hz. Postmaneuver trajectory analysis con- 
firmed the anomaly, and determined the maneuver 
results presented in Table VII-2. An immediate analysis 
of the performance of the autopilot, propulsion, and 
pyrotechnics subsystems was undertaken in an effort 
to uncover the cause of the anomaly. 

2. Propulsion subsystem. The propulsion subsystem 
investigation consisted of three major efforts. Those ef- 
forts were: analyze the received telemetry data, review 
the preflight calibration data, and recompute the values 
for the burning time estimation calculation (BUTEC) 
program input. 

C. Trajeetory-Correction Maneuver Anomaly a. Xelemetry data analysis. Because the propulsion 
telemetry data rates and spacecraft instrumentation 
accuracy and resolution were designed to identify gross 
performance only, it must be emphasized that subtle 

1. Introduction. The trajectory-correction (midcourse) 
maneuver of Mariner V was anomalous in that the velocity 
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deviations from predicted performance were very d 8 -  
cult to detect. Propulsion parameters did not provide 
any definitive information on timing or duration of the 
motor burn. Estimates of the CC&S event times were 
used to analyze the data. 

Parameter Required" Commandeda Achieveda 

Pitch turn (rate = 0.1818 deg/sJ 55.3503 55.267 55.18 

Roll turn (rate = 0.1 867 deg/s) 71.0248 70.946 70.93 

Velocity increment 16.127 m/s 16.135 m/s  15.412 m/s 

Motor burn 17.651 s 17.66 s 17.66 s 

The sequence of telemetry events during motor burn 
is shown in Fig. VII-2. The only telemetry data indicat- 
ing thrust chamber performance during the firing were 
those from channel 117 (thrust chamber pressure). The 
four data points obtained during this firing are shown 
plotted along with the expected value in Fig. VII-8 
Using the comparison of the expected value, the average 
chamber pressure of these four points was approximately 
1.5% below the prediction. This corresponded to 1-2 data 

Standard deviation, u 

0.2 

0.04 

6.0 
- 

numbers, and was within the acceptable tolerance of the 
instrumentation for this particular measurement. 

During steady-state thrusting (i.e., several seconds 
after completion of oxidizer injection), the chamber pres- 
sure was directly proportional to thrust. To a first approxi- 
mation, a 1.5% loss in steady-state chamber pressure, if 
real, would be reflected in a 1.5% loss in steady-state 
thrust and, therefore, in delivered impulse (the time inte- 
gral of thrust). It should also be noted that the chamber 
pressure itself was not a steady pressure. Fluctuations dur- 
ing firing resulted from small localized movement of the 
hydrazine decomposition zone within the catalyst bed 
and from resonance within the chamber cavity. Because 
the data-encoder saIhple time was quite short, it cannot 

CHANNEL 228 NITROGEN TANK 
PRESSURE 

CHANNEL 220 CENTRAL 
COMPUTER AND SEQUENCER 
EVENT TIMING 

CHANNEL 219 PROPELLANT 
TANK TEMPERATURE 

CHANNEL II  9 PROPELLANT 
TANK PRESSURE 

CHANNEL 117 ROCKET MOTOR 
CHAMBER PRESSURE 

CHANNELS 115 AND 116 EVENT 
REGISTERS 

CENTRAL COMPUTER AND 

M' 
SEQUENCER EVENT 

10.0 15.0 20.0 
TIME, s 

25.0 30.0 

Fig. Vll-2. Maneuver telemetry sequence of events from 23:08:10 k O . 1  GMT on day 170 
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be stated with assurance that the four samples obtained 
represent the average pressure in the chamber at a given 
time. Because these were the best data obtained for 
this measurement during firing, they are inconclusive; 
however, they did not indicate more than a 1.5% 
chamber-pressure degradation. 

Telemetry data from the propellant-tank transducer 
during firing are shown in Fig. VII-4. Because this 
transducer, unlike the chamber-pressure transducer, was 
calibrated through the data encoder, the telemetered 
pressure readings are believed to be accurate. As shown 
in Fig. VII-4, agreement with the predicted value is very 
close. These data imply that the regulator was working 
properly 3 s after the start of motor firing. The regulator 
controls the flow of high-pressure nitrogen into the pro- 
pellant tank and maintains the propellant tank at a con- 
stant pressure. There is a possibility that the regulator 
may have stuck in the closed position at motor ignition, 
and then recovered within 3 s. Such a performance is re- 
motely possible, but if such a malfunction had occurred, 
the maximum impulse lost would have been approxi- 
mately 2%. 

In-flight performance of the oxidizer-start cartridge 
was reviewed to determine, again 
telemetered data, whether the engine-start transient 
could have been degraded as a result of a problem with 
the oxidizer feed system. The loaded oxidizer volume was 
determined from measurements of oxidizer-loaded weight 
as measured at AFETR during filling. This volume was 
assumed to be evenly divided between the two oxidizer 
bellows (bellows volume was not measured directly). The 
volume of the start-cartridge nitrogen cavity was also 
calculated. From these volumes, a pressure change of 31 
psi was predicted for expelling the oxidizer contained in 
one bellows. Telemetry data show a change of 28 psi, 
which compared quite favorably with the predicted 
pressure change considering the accuracy of the calcula- 
tion and the fact that telemetry resolution is 4 psi on 
that channel. 

Test experience with this type of motor indicates that, 
if the start transient is degraded substantially, as would 
be the case if a smaller than normal amount of oxidizer 
is injected or if injection is too slow, the chamber pressure 
during the first 5-10 s of the burn is noticeably lowered. 
Both the telemetered chamber pressure and the start- 
cartridge pressure change indicate that a normal start 
was obtained. Again, subtle degradations cannot be identi- 
fied from the telemetry. 

Midcourse-maneuver nitrogen-tank pressure data pro- 
vided little insight into propulsion-subsystem perfor- 
mance. (Predictions of nitrogen usage during propellant 
expulsion are notoriously difficult to make.) 

During propellant expulsion, the nitrogen gas works 
on itself, and the gas temperature drops. Assuming 
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Fig. Vll-3. Chamber pressure telemetry data points 
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Fig. Vll-4. Propellant tank pressure telemetry data points 
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the gas is initially in equilibrium with its container, heat 
is then transferred into the gas as it cools. The mechanism 
for heat transfer is primarily natural convection within 
the tank. However, the difference in g level between 
testing on earth (1 g )  and the maneuver in space (at 
about 0.1 g) produces a substantial difference in heat- 
transfer rates. It is for this reason that the maneuver was 
timed to obtain a channel-228 reading during motor firing. 

Analysis of the nitrogen-tank pressure data with the 
aim of calculating the amount of propellant actually 
pumped was completed, but results are inconclusive. 
The best that can be said is that approximately the cor- 
rect amount of propellant was pumped, but the calcula- 
tions are only accurate to approximately *lo%. 

These areas of the propulsion subsystem are the areas 
that would be involved in an error of this type. Other 
areas of the propulsion subsystem have been investigated 
(i.e., squib valves, filters, and propellant-feed subsystem), 
but there is no way to determine whether subtle mal- 
functions of these components actually occurred. 

b. Preflight calibration data. A careful check was made 
of all data used in the BUTEC prediction of the motor 
flight performance. Each step in the propulsion-subsystem 
calibration process was reviewed. Several questions arose 
during this review concerning instrumentation accuracies 
and method or technique, but the maximum deviation 
that could be attributed to this source would be 1%. 

c. Burning time estimution calculation rerun. The 
BUTEC program was checked for completeness and 
accuracy. A new output was generated using the same 
input values used for the flight maneuver. In addition, a 
computer run was made with the propellant temperature 
actual value at the time of firing rather than the maneu- 
ver estimate used for the premaneuver prediction. This 
calculation resulted in an estimated change ob only 
0.005 s in firing time, which is a value too small to be seen 
in the resolution of this system. This review reveafed 
no errors in the BUTEC inputs or method of calculation. 

3. Pyrotechnics subsystem. The pyrotechnics subsystem 
telemetry data are limited to event-register changes in 
registers 1 and 3. The possibility of a squib or pyro-unit 
malfunction changing the firing duration is considered 
remote. All squibs have dual bridgewires, with separate 
energy-storage units firing two sets of squib bridgewires. 
Both units apparently discharged at motor ignition and 
motor shut-off, as events were recorded each time in 
registers 1 and 3. Telemetered data on the propulsion 

subsystem indicate that all valves functioned. A squib 
hang-fire or delayed capacitor discharge is considered 
most unlikely. 

4. Autopilot analysis. Prelaunch and premaneuver 
analyses of the performance of the Mariner IV autopilot 
had been expanded for the Mariner Venus 67 mission by 
simulation of the autopilot with a six-degree-of-freedom 
program using DSL/SO simulation language on the 
7094 computer. As an extension of the autopilot program 
used on the Mariner Mars 1964 project, the six-degree. 
of-freedom simulation was able to handle the effects of 
solar-panel dynamics, the actual thrust-time profile of the 
Mariner V motor, known coupling between axes, and was, 
in general, a more sophisticated model of the autopilot. 

Several studies of the autopilot, with emphasis placed 
on the selection of solar-panel cruise dampers, center-of- 
gravity off sets, and autopilot mix-matrix resistors, had 
been accomplished during the system-tesing phase. A 
simulation had even been made of autopilot performance 
with two solar panels undeployed on the assumption 
that a deployment failure could be corrected by firing 
the midcourse-maneuver motor for a short period of time 
(the autopilot was stable, according to the simulation, 
even in this configuration). 

The only data available on autopilot performance dur- 
ing the actual maneuver were gyro rate-plus-position out- 
put telemetry; there is no telemetry on jet vane position. 
In addition, the data rate during the maneuver provided 
a gyro output only once every 4.2 s. Finally, the quantized 
nature of the telemetry word permitted a resolution of 
the gyro output to only 0.57 t0 .29 V in pitch and yaw 
and 0.47 a0.24 V in roll. The most appropriate manner 
in which to analyze autopilot performance during a 
maneuver is then to provide the simulation with the 
initial conditions observed in the telemetry, and attempt to 
duplicate the gyro outputs observed during the maneuver 
by varying certain parameters in the simulation, such as 
center-of-gravity off sets, engine thrust-time profde, solar- 
panel dynamics, jet vane actuator (JVA) stiction charac- 
teristics, autopilot mix-matirix resistors, and others. When 
this normal analysis procedure failed to duplicate, or even 
approximate, the observed gyro telemetry readings, it 
became obvious that either an autopilot failure had 
occurred or simulation was incomplete. 

A steady-state transformation of the initial conditions 
and of the four pitch, yaw, and roll gyro outputs observed 
during the burn into jet-vane deflection angles resulted 
in the jet-vane deflection shown in Fig. VII-5. The jet- 
vane drag in the exhaust stream determined from these 
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Table Vll-3. Jet-vane interaction test summary 

IO 

Test No. 

I I I I I 

WORST CASE AVERAGE 3.392 Ib (1.06 ms) 
BEST CASE AVERAGE 1.4 Ib (0.44ms) - 
NOMINAL CASE AVERAGE 2.166 Ib (0.68 rns) 

9 -  

8 -  

7 -  

- 

- 

6 -  - 

Date, 1967 

Aug 24 

Oct 6 

Oct 18 

Dec 8 

Dec 13 

Dec 21 

-I 

aETS = Edwards Test Station, 

I I I I I 

ET9 test No. 

DD-249 

DD-252 

DD-254 

DD-256 

DD-257 

DD-258 

Purpose of test 

Evaluotion of octuotor stiction model ond test- 
ing method using flight (M67-2) actuators 

Evaluation of oerodynamic interaction between 
vanes using new six-component firing test 
stand 

Repeot of DD-252 using smaller Ranger vanes to 
determine if side forces were caused by 
vane interaction 

Repeot of DD-252 using two modified Mariner 
vanes [thermal shield removed) to determine 
i f  side force was generated on thermal shield 

Test with a single unmodified Mariner vane to 
determine i f  side forces were caused by 
vane-to-vane interaction 

Test with a 1-in. larger diameter ring and 
modified Mariner vones 

Results of test 

Verified stiction model, low stiction level of 
flight actuators, ond coincidence of vope 
center-of-pressure with axis of rotation (vane 
aerodynamic neutrality] 

Six-component stand (meosuring three-axes 
forces and moments) disclosed side force 
generation as a function of vane rotation 

Disclosed that lift, drag, and side forces scoled 
with vane area 

Disclosed that side force wos not generated by 
aerodynamiq shock force at thermol shield; 
side forces were the same as DD-252 

Disclosed thot side forces were due to interac- 
tion between vane-to-actuator mounting ring 
and not from vane-to-vane interaction 

Side forces were reduced by a factor of three 

Second, the behavior of the vanes demonstrated that 
the autopilot was atypical. All four vanes rotating in the 
same direction, with the same amplitude, was indicative 
of a spacecraft rotation about the motor thrust axis. 
There was no case where the simulation predicted this 
motion. 

Fig. Vll-6. Jet vane drag 

angles is shown in Fig. VII-6. Both figures are approxi- 
mations of actual performance because of the nature of 
the data and the use of steady-state analysis in a dynamic 
system; however, several conclusions can be drawn from 
them. 

First, the velocity decrements associated with the drag 
forces shown in Fig. VI16 bracket the observed velocity 
decrement. The average decrement, 0.68 m/s, was close 
to the observed decrement, 0.735 m/s. 

Third, data presented in Table VII-2 show that the 
autopilot obviously maintained spacecraft stability and 
pointing accuracy during the maneuver; therefore, no 
gross failure occurred. The net effect of the anomaly was 
on the thrust-vector magnitude only, with a negligible 
effect on its direction. 

The six-degree-of-freedom autopilot simulation was 
next reexamined for accuracy and completeness. Data 
on the performance of the gyros, sorar-panel and space- 
craft dynamics, autopilot-electronics characteristics, JVAs, 
and the program were reevaluated. Based on this re- 
evaluation, it was decided that more data were required 
on the JVA stiction model and on the interaction between 
the vanes in the rocket exhaust stream. Accordingly, a 
series of 6rings of a Mariner motor at Edwards Test 
Station, with the actuators mounted and instrumented, 
was scheduled to provide data on stiction and vane 
interaction during motor firing in a vacuum environment. 
Table VI13 summarizes the itrings. 

The first firing was conducted on August 24, .1967, to 
provide data on the stiction model of the actuators under 
the conditions of thermal shock and heating encountered 
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during an actual firing. The vanes were programmed 
through a series of deflections, once before the firing and 
four times during the firing. Oscillographic records of 
input to the actuator torquer, torquer current, and vane 
position before and during the firing were then com- 
pared to determine the stiction level. The results on 
these flight (M67-2) actuators were that the stiction 
level was very low and the specified 0.Soz-in. static 
friction was easily met. 

The second firing was delayed until construction of a 
six-component test stand, designed expressly for this 
program, was completed. 

To provide a test stand with 6 deg of freedom for 
the purpose of measuring side forces during the motor 
firing with deflected jet vanes, the test stand used for 
axial thrust measurement was modified. This modification 
consisted of mounting additional structure to the original 
stand to provide for load-cell mounting in the lateral 
orthogonal axes (Fig. VII-7). 

Because the difficulty of building a successful six- 
component test stand at JPL was well known, this 
modification emphasized a simple design geometry; the 
minimum disturbance of the axial thrust measurement 
(for reference only) was secondary to obtaining good 
data from the lateral load cells. 

The details of stand construction are shown in Figs. 
V I 1 8  and VII-9. The technique of prefabricating a 
welded structure and then bolting it to the original stand 
mount was used to minimize the permanent configuration 
change of the original stand. All machined surfaces were 
held to close tolerances to reduce the assembed out-of- 
tolerance alignment. Because the test stand was of rigid 
construction for the cell mounts and rocket-motor mount, 
relative motion across the moving interface was taken 
up by flexure rods connecting the load cells to the motor 
ring mount. 

The test stand was installed in the test facility and 
aligned by mechanical measurement. No special effort 
was made to hold this lateral-axis alignment to better 
than 5 deg of true position because off-center alignments 
of this magnitude or less could be compensated for in 
the computer side-force analysis program. The test- 
stand assembly included a final mechanical calibration 
of the load cells and a wrapping of insulation material 
around each load cell to reduce convective heating of 
the load cells during the motor firing. 

Fig. VI1-7. Six-component test stand 

The input signals to the JVAs were designed to reduce 
the high-frequency components, which might cause the 
test stand to ring. A computer simulation was made 
assuming 10-Hz resonant frequencies for all stand axes. 
The results of this simulation indicated that stand 
resonances would not be excited to any great extent. 

A checkout test was performed on this stand using a 
live motor and near-vacuum environment. There were 
no JVAs present on this test, but the results showed a 
very low noise level on the lateral load-cell outputs. 
Since the transient and steady-state performance of the 
actuators, not the motor itself (i.e., not motor-start 
transient), were of prime interest, these levels were 
deemed low enough to resolve the suspected lateral 
forces in the range of the dynamic resolution of the 
subsystem. 
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Fig. Vll-8. Six-component test stand, top view 

340 J P l  TECHNICAL REPORT 32- 1293 



Fig. Vll-9. Six-component test stand, side view 
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Fig. Vll-10. Jet vanes (full scale) 

This second test was designed to measure any inter- 
action between vanes in the rocket exhaust. The vanes 
were again programmed through a series of deflections, 
forces, and moments generated as a result of vane deflec- 
tion, and were measured along with vane positions. This 
test disclosed that extraneous forces were being generated 
proportional to the square of vane-deflection angle. These 
forces were normal to the lift force produced by the vane 
and along the axis of rotation of the vane in the outboard 
direction (Le., toward the outside of the motor). These 
forces had been theoretically predicted, but until the 
development of the six-component stand, there was no 
method of verifying their existence. Because the jet vanes 
for Mariner V were scaled-up versions of the Ranger jet 
vanes (Fig. VII-10 shows a comparison of the vanes), a 
third test was scheduled to determine whether the scaling 
up had produced vane-to-vane interaction in the rocket 
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POSITIVE VANE DEFLECTION 
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Fig. VII-11. Sign conventions for vane-produced forces 
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exhaust. The results of this test were similar to those of 
the previous test, and are shown in Figs. VII-11-VII-13. 
Figure VII-11 shows the jet-vane positions and force- 
measurement conventions. Normally, rotation of vanes 
1 and 3 should produce F, forces; vanes 2 and 4 produce 
Fw forces. Figure VII-12 shows the actual forces pro- 
duced, and Fig. VII-13 shows the transfer characteristics 
derived from the test. The only difference in results from 
tests 2 and 3 was caused by the area difference between 
Mariner and Ranger jet vanes: the lift, drag, and side 
forces generated as a function of deflection angle scaled 
directly with vane area. 

0.0 

g?s? 
x 
6 L i  

The next test used two modified Mariner vanes 
(see Fig. VII-10). The thermal shield was removed 
from the vane in an effort to reduce the area available 
for side-force generation. An important consideration in 
eliminating these shields was hot spot generation on the 
actuator shaft and vane mounting surfaces, but the test 

I I I I I I I I I 
NORMALIZED CROSS-AXIS TRANSFER CHARACTERISTIC 

I 
- (SECOND MISALIGNMENT - 3.9 deg) (LOAD-CELL) - 

30 I I  I I I I I I I I 
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-0.5 - 

I I I I I I I I I I 
- 

- 

-1.0 I 1 1 I I 1 I I I I 
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TIME, s 

Fig. Vll-12. Autopilot interaction test of 
Ranger jet vanes 

results showed that these areas were actually cooler dur- 
ing the firing because of the less turbulent flow. The side 
forces were not materially reduced by the elimination of 
the shield, however. 

The fifth test used a single, unmodified Mariner vane 
to determine whether the side forces were a result of 
vane-to-vane interaction or vane-to-ring interaction. Test 
results were the same as those of the second test, proving 
that the side forces were being generated on the ring 
as a result of an aerodynamic shock wave generated at 
the edge of the vane. The final test in the series used the 
two modified Mariner vanes and a 1-in. larger diameter 
ring to determine whether the larger ring would reduce 
the side forces. The results showed that the forces were 
reduced to approximately one-third of the original value. 

Figures VII-14-VII-16 show the Mariner thrust-vector 
control assembly before and after modification. Figures 
VII-14 and VII-15 show the thrust-vector control assembly 
looking downstream, in the direction of the exhaust. 
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X 9  a 
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F=-0.002 + 0.00051a2 

-25 -20 -15 -10 -5 0 5 IO 15 20 25 
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Fig. Vll-13. Transfer characteristics of Ranger iet vanes 
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Fig. Vll-15. Modified Mariner V thrust vector control 
assembly (only two actuators mounted) 

Fig. Vll-14. Mariner V thrust vector control assembly 

Figure VII-16 shows the larger ring, looking into the 
exhaust. 

When the effects of the side forces were included in 
the autopilot simulation, the observed gyro telemetry 
during the midcourse maneuver still couId not be dupli- 
cated. Failure-mode simulations were made with such 
obvious failures as a failed mix-matrix resistor, open 
JVA winding or feedback potentiometer, closed-loop 
gain degradation, and others, but no solutions resulted 
in the apparent slow oscillation about the motor axis 
experienced by the Mariner V autopilot. A simulation 
of the first and second midcourse maneuvers of the 
Mariner IV spacecraft was performed, with results closely 
approximating the telemetered data, verifying that the 
autopilot program and simulatiop were basically correct. 

5. Conclusions and recommendatians. The following 
conclusions can be drawn from the investigations, anal- 
yses, and tests described: 

(1) The midcourse maneuver was anomalous, as evi- 
denced by trajectory analysis, because the com- 
manded velocity increment was not achieved within 
the allotted error distribution. 

Fig. VU-16. Modified Mariner V thrust vector control 
assembly (view looking up engine nozzle1 
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(2) The postinjection propulsion subsystem (PIPS) 
performed substantially as predicted, as verified by 
data obtained from telemetry and analysis of sub- 
system performance. 

(3) The pyrotecbnics subsystem performed without 
anomaly, as evidenced by received telemetry data 
and propulsion subsystem performawe. 

(4) The autopilot performed its functions of maintain- 
ing spacecraft stability and pointing accuracy, as 
verified by postmaneuver trajectory analysis. 

(5) An unexpected drag force, produced by excessive 
deflection of the jet vanes in the PIPS exhaust 
stream, reduced the magnitude of the thrust vector 
and thus the commanded velocity increment, cre- 
ating the anomaly. 

(6) The causes of the excessive vane deflections were 
a combination appreciable side forces, produced 
by large vane deflections, and an unspecified fail- 
ure in the autopilot control loop that prevented 
adequate compensation within the loop for these 
side forces; thus, an oscillatory condition was al- 
lowed to exist. 

(7) The side forces can be materially reduced by in- 
creasing the diameter of the JVA mounting ring. 

(8) The thermal shields on the jet vanes are not 
necessary for thermal protection of the actuator 
shaft and vane mounting areas, and, in fact, are 
undesirable. 

The following recommendations are made on the basis 
of the investigations, analyses, and tests described, in- 
cluding recommendations that would materially improve 
the capability of analyzing the in-flight performance of 
the autopilot: 

(1) Enlarge the diameter of the JVA mounting ring by 
a minimum of 1 in. to reduce the magnitude of the 
side forces generated by jet-vane deflection. 

(2) Eliminate the thermal shields from the jet vanes 
to allow the actuator shaft to operate at a lower 
temperature during the motor burn. 

(3) Provide telemetry of the jet-vane position during 
the motor-burn portion of the maneuver. 

(4) Increase the resolution of the gyro-output telem- 
etry to a minimum of 0.10 k0.05 V during the 
motor-burn portion of the maneuver, 

(5) Increase the data rate of gyro and jet-vane-position 
outputs to a minimum of one sample every 2.1 s 
during the motor-burn portion of the maneuver. 
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Appendix A 

Project Organization and Management 

A. Structure 
Key function and responsibility assignments for accom- 

plishing mission activities during flight and encounter 
of Mariner V spacecraft were essentially the same as 
those discussed at length in the companion volume of 
this report. The organization was adjusted to give greater 
emphasis to fight analysis and operations activities. 
Many individuals who formerly had a development role 
were reassigned to support the flight phase. Significantly, 
an information function was added to keep the public 
adequately informed of this phase of the mission. The 
interface with the public information offices grew in 
proportion to the mission's success. The basic relation- 
ships among major supporting elements are diagrammed 
in Figs. A-1 and A-2. 

In the area of temporary and special organizations, 
most noteworthy was the Encounter Planning Working 
Group, organized after the maneuver activities with a 
large representation of spacecraft performance analysis 

and command (SPAC), and occultation personnel. The 
group met regularly to analyze all facets of encounter 
until an optimum plan and sequence were evolved and 
alternates were understood. Contingency planning for 
nonstandard modes of operation was stressed. 

B. Implementation 

A similar management structure and approach were 
used for this phase of the mission as were applied to the 
flight phases of the Mariner Mars 1964 mission. Methods 
and techniques for direction and control of the effort 
were refined and improved from those of the earlier mis- 
sion. The flight of the Mariner V spacecraft had few 
deviations from the standard events and sequences that 
were developed before launch. As a result, the mission 
was controlled and monitored easily. Also, there were 
few changes in the ground configuration and capability. 
Changes consisted primarily of refining computer pro- 
grams and convenience items for operating personnel. 

t- PROJECT 
MANAGER 

SPACE FLIGHT 
PROJECT OPE RAT IONS 

DIRECTOR ENGINEER 

MISSION OPERATIONS 
SYSTEM MANAGER 

TRACKING DATA 
SYSTEM MANAGER 

ASSISTANT TRACKING 
DATA SYSTEM AND 

DSN MANAGER 

SPAC EC R A F T  
SYSTEM MANAGER 

DATA 
PROCESSING FPAC SPAC SSAC 
0 PER AT I ON S DIRECTOR DIRECTOR DIRECTOR 
DIRECTORS 

I S?%M 1 I z:pd;E:T I ~ c o M & ~ ~ ~ ~ ' o N s  1 1 p&:FcT 1 
ENGINEER ENGINEER ENGINEER PROJECT 

ENGINEER 

Fig. A-1. Key elements of the Mariner V Space Flight Operations organization (conventional structure) 
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The project exploited the companion Mariner Mars 1964 
mission to the fullest extent practical, gaining experience 
and perfecting procedures applicable to the Mariner V 
spacecraft. The generation of test plans was required for 
all similar special sequences and investigations. The cri- 
teria for evaluating these plans were the protection of 
encounter and minimum jeopardy to the spacecraft. 

Four notable situations deviated from the ideal mis- 
sion. Two of these were flight anomalies and resulted in 
intensive investigations. These are the UV instrument 
performance and the midcourse results, which are dis- 
cussed in Section VI. The third area was the availability, 
late in the mission, of a technique to attempt recording 
of bistatic radio reflections from the surface of the planet. 
The attendant modification of the 21043 antenna at 
Goldstone was made on a carefully controlled schedule, 
structured to protect the prime encounter station for the 
flyby events. The fourth item was caused by the heavy 
loading of the Deep Space Network (DSN) during 1967 
with other missions. As a result, project personnel had 
to avoid possible confusion with other flight operations 
and had to maintain clear priorities. 

Another area of possible ditficulty resulted from the 
two flights being handled simultaneously by one group 
of people. Nevertheless, no degradation occurred to either 
mission. The problem and failure reporting system used 
during pre-launch activities was applied again to record 
and to alleviate exceptions to nominal flight performance. 
Although the problem list (P-list) system was available 
to flag troubles, it was not needed. 

C. Status Reporting 
The absolute irrevocability of flight events imposed 

even more stringent demands on the precision and thor- 
oughness of scheduIing than did the pre-liftoff events; 
e.g., encounter necessitated more exact timetable adher- 
ence than did countdown. Obviously, encounter could 
not be postponed two days, as the launch was. 

The success of the mission shows that the design and 
execution of the scheduIes were effective. The schedules 
are shown graphically in Figs. A-3 and A-4. The obvious 
exception is the master data library generation which 
clearly is not a series element in real-time actions. 

MISSION I-- DIRECTOR 
MISSION PROJECT 
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EXECUTION 

0 ANALYSIS 
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I 
SPACECRAFT 

SYSTEM 
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OPERATE PER FIXED PROCEDURE: 
AND ACT TO SPECIFIC INSTRUC- 
TIONS (IMPLEMENT DECISIONS). 
FOLLOW ESTABLISHED SE - 
QUENCE WITH DEFINED CHECK- 
POINTS. 

STATUS; INTERPRET DATA AND 
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Fig. A-2. Space Flight Operations functional arrangemenf 
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Test critiques and reviews were effective techniques 
used to ensure that problems were receiving proper at- 
tention. These techniques were stressed during reviews 
of this phase of the project internally and by laboratory 
management, and NASA Headquarters, as shown in 
Table A-1. 

Unless superseded by more important reviews, weekly 
meetings of the project representatives were held. In addi- 
tion, daily flight operations briefings were conducted. 
Unusual spacecraft or science activities were discussed 
in these sessions. The briefings were documented in daily 
technical bulletins, which were distributed to JPL man- 
agement and to NASA Headquarters. Summary flash 
sheets were issued weekly to keep all JPL personnel 
informed of developments on both missions. 

D. Documentcation 

The pattern of documentation for this mission closely 
parallels the approach used for Mariwr Mars 1964. Two 

distinct levels were used. The first and critical group 
included the material needed in real time by operating 
personnel for conduct of flight activities. At the same 
time, comparable information was released to keep man- 
agement and the public informed. These publications 
contained simple illustrations to depict the time sensi- 
tivity and functioning of the complex world-wide system 
employed during critical mission phases. Hence, these 
publications were not as exact and complete as the 
working-level documents. 

Table A-1. Major review sessions 

Date 1967 Subject Location 

NASA Hq Aug 3 to 4 Midmission review 

Encounter readiness 

Postencounter review NASA Hq Dee 13 to 14 
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Appendix B 

Encounter Sequence and Command Descriptions 

A. Encounter Summary 

Encounter operations started with the transmission of 
direct command DC-V25 at 02:49:00 GMT, October 19, 
1967, and continued through completion of the second 
playback, which occurred on October 23,1967, at approxi- 
mately 07:04:48 GMT. 

1. Commands. Table B-1 lists all of the commands, 
the function of each command, and the octal value of 
each command. 

2. Two-way transmission times. Figure B-1 is a graph 
of the two-way transmission times vs flight time during 
the period of time bracketing encounter. 

3. Nominal sequence of events. Table B-2 presents the 
sequence of events of the Mariner Venus 67 mission for 
the encounter phase on October 12, 1967. This sequence 
of events included all major events compiled by the 
spacecraft performance analysis and command teams, 
the Deep Space Network, and the Mission Operations 
System. 

The sequence started with those activities required 
prior to encounter for checking out and verifying those 
systems required for encounter. The sequence terminated 
following completion of the second playback. 

Table B-1. Mariner V command list 

DC-V2 

DC-V3 
DC-V4 
DC-V5 

DC46 
DC-V7 

DC-VB 
DC-V9 

DC-V10 

DC-VI 1 
DC-VI 2 

aA/DC Analog-to-digital converter; PNG pseudonoise generator. 

Description 

Command telemetry mode 1 
Command telemetry mode 2 

(turn on science) 
Trock change command 
Command telemetry mode 4 
Command switch data rate 

Command switch A/DGPNGa 

Switch power amplifiers 
Switch exciters 
Switch ranging 

Transmit high-receive low 
Transmit high-receive high 
Transmit low-receive low 

Octal 

6030 
6332 

6530 
6350 

6050 
6060 
61 10 
6652 

6632 

6600 
6560 
6550 

I I 

Name 

DC-V13 

DC-VI 4 

DC-V15 

DC-VI 6 

DC-VI 7 
DC-VI 8 

DC-VI 9 

DC-V20 

DC-V2 1 

DC-V22 

DC-V23 

DC-V24 

DC-V25 

DC-V26 

DC-V27 

DC-V28 

DC-V29 

QC-VI 

QC-VI-1 

QC-VI -2 

QC-VI -3 

Table B-1 (contdl 

Description 

Maneuver command inhibit. 
Inhibit propulsion command 
(turn on Canopus sensor 
and attitude control) 

Remove maneuver inhibit. 
Remove propulsion inhibit 
(resets DC-VI 3) 

Canopus gate inhibit override 

Start encounter backup clock 

Cycle Canopus cane angle 

Gyros on-inertial control 
(second DC-V1 8-roll 
positive increment) 

Gyros off-normal control 
(resets DC-VI 5, DC-V1 8, 
and DC-V20) 

Remove roll control 

Roll override-negative 
increment 

Antenna pointing angle change 

Arm second propulsion maneuver 

Begin DASb encounter mode 
(switch to doto mode 3) 
(planet sensor power on) 
(switch plasma probe to 
mode 3) 

Science on, overload inhibit 
override-begin encounter 
req u en ce 
(tape recorder power on) 
(energize terminator sensor) 
(battery charger to boost 
mode) 

Turn off science 
(battery charger to 
boost mode) 

Initiate midcourse maneuver 

Switch battery charger 
(tape recorder 
electronics off) 

Arm first propulsion 

Maneuver command bits to 

maneuver 

CC&SC 

(Pitch turn duration) 

(Roll turn duration) 

(Motor burn duration) 

WAS = Data automation system. 
CCC&S = Central computer and sequencer. 

Octal 

6270 

6240 

6140 

6500 
6210 

6440 

6420 

6740 

6720 

6710 

61 70 

641 0 

6220 

6360 

6470 

6662 

61 20 

6303-2 

6300- 1 

6302-3 
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Fig. 8-1. Two-way transmission time vs flight time 
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Appendix C 

Telemetry Data Curves 
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Fig. C-1. Solar intensity 
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Glossary 

AAS 
AC 

A/DC 
AFETR 

AGC 
A 0  

APAC 
ASE 

AU 
AUX OSC 

BEC 
BECO 

B/R 
BUSS 

CAT 
CC&S 

CG 
c.m. 
CP 

D/AC 
DAS 
DE 

DFR 
DN 

DPS 
DRD 

DSIF 

DSN 

DSS 

E 
ECR 

advanced antenna system 
attitude control 
analog-to-digital converter 
Air Force Eastern Test Range 
automatic gain control 
auxiliary oscillator 
antenna pointing angle change 
aphrodiocentriosolar-eclip tic 
(coordinates) 
astronomical unit 
auxiliary oscillator test mode 

bit-error checker 
booster engine cutoff 
booster-regulator 
SPAC analysis control network 

complementary analysis team 
central computer and sequencer 
center of gravity 
center of mass 
communications processor 

digital-to-analog converter 
data automation subsystem 
data encoder 
dual-frequency receiver 
data number 
data processing system 
decision-r evision-decision 
(conference room) 
Deep Space Instrumentation Facility 

Deep Space Network 

Deep Space Station 

encounter (+ time) 

engineering change requirement 

EM1 electromagnetic interference 
EOT end of tape 
ETL Environmental Test Laboratory 
FDX full duplex 
FOV field of view 

FPAA flight-path analysis area 
FPAC flight-path analysis and command 

GCA gyro control assembly 
GCS ground command subsystem 

GSDS Goldstone duplicate standard 
GTS ground telemetry system 

HSDL high-speed data line 

IBSYS International Business Machines 
System 

I/O input/output 
IC integrated circuit 

JVA jet vane actuator 

L launch (+ time) 
L&M launch and midcourse 
LCE launch complex equipment 
LMT local mean time 

M maneuver (+ time) 
MDL master data library 
MOS Mission Operations System 
MRH mission-related hardware 
MSA mission support area 

MT master timer 

NASCOM NASA Communications Network 

ORT operational readiness tests 
OSE operational support equipment 
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Glossary kontd) 

PAS pyrotechnics arming switch 

PFR problem failure report 

PIPS postinjection propulsion system 

PNG pseudo-noise generator 

PRS planetary ranging subsystem 
PSQ planet sensor output 

PTM proof-test model 

R&D research and development 

RIS Range Instrumentation Ship 
RSS radio subsystem 

RT real time 
RTDT real-time data translator 

RU rangeunit 

RWV read-write-verify 

S 
SAF 

SAGC 

SDA 
SECO 

SFQ 
SFOD 

SFOF 
SIRD 

SIT 
SN 

SNR 

SPAC 

SPACE 

SPAC JR 

SPE 
SSAC 

STCDS 

separation (+ time) 

Spacecraft Assembly Facility 
station automatic gain control 

systems data analysis 

sustainer engine cutoff 

Space Flight Operations 

Space Flight Operations Director 
Space Flight Operations Facility 

support instrumentation requirements 
document 

separation-initiated timer 
serial number 

signal-to-noise ratio 

spacecraft performance analysis and 
command 
SSAC analysis control network 

auxiliary SPAC group 
static phase error 
space science analysis and command 

System Test Complex Data System 

TA type approval 

analysis team 
TCAT telecommunications complementary 

TCD telemetry and command data 
TCP telemetry and command processor 
TCR temperature control reference 

TCVA thrust vector control assembly 
TDH tracking data handling 
TFR 
TM 

TPS 
TRD 
TRS 
TSQ 

TWM 
TWT 
VCA 
vco 

VECB 
VEPWG 

trouble and failure report 
transverse magnetic; telemetry 
(on figures only) 
telemetry processing station 
trapped radiation detector 
tape recorder subsystem 
terminator sensor output 
traveling-wave maser 
traveling-wave tube 
voltage-controlled attenuator 
voltage-controlled oscillator 
vernier engine cutoff 
Venus encounter preparation working 
group 

Computer Programs 

ADAP analytical digital antenna pointing 
AGCM automatic gain control calibration 

ATTREF attitude reference 
BUTEC burning time estimation calculation 

CPPM communication prediction 
DDT digital demodulation technique 

EDIT MDL software 
EDPLOT engineering data plotting 

EGLIST engineering lister 
ENG. DECOM. engineering data decommutation 

MClM midcourse maneuver 
MERGE MDL software 

MORCOR corrector 
MOREX extractor 
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Glossary (contd 1 

ODGX orbit data generator 
ODPM orbit determination 
P O W  trajectory computation 
PRDX predicts 

REEDIT MDL software 
RSID residual 
SIPM star identification 
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SPODP single precision orbit determination 
program 

SSDM systems suppressed data 

SSPM suppression 

TDPX tracking data processor 

TJIM trajectory computation 
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